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57 ABSTRACT 
The present invention is a novel technique in the auto 
matic control of the size of a network of remote atten 
dants in accordance with varying incoming call traffic 
patterns. The remote attendants are on the public 
switched telephone network. The system routes incom 
ing calls via outgoing lines to the attendants. The re 
mote attendants can receive a "stream" of incoming 
calls within one outgoing call to an attendant. The re 
mote attendants are kept on-line, that is, "off-hook' as 
long as the amount of waiting time between incoming 
calls does not exceed a maximum waiting interval set by 
the supervisor. When the attendant has to wait for the 
next incoming call for longer than a maximum waiting 
interval set by a supervisor, then the attendant can be 
automatically disconnected from the system. As call 
traffic increases, the system can automatically redial the 
remote attendant to be re-networked so as to receive 
another "stream" of incoming calls. This technique for 
automatically controlling the on-line status of the re 
mote attendant in response to incoming call traffic is 
called "Dynamic Call Streaming". Dynamic Call 
Streaming reduces toll charges by adding or dropping 
the remote attendant on or off the network as needed 
while maintaining a high level of service. 
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TELEPHONE LINE COMMUNICATIONS 
CONTROL SYSTEM WITH DYNAMC CALL 

STREAMING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation in part of prior U.S. Pat, appli 
cation Ser. No. 07/249,220 (now U.S. Pat. No. 
4,837,799) filed on Sept. 19 1988 which in turn is a con 
tinuation of U.S. Pat. application Ser. No. 07/106,726, 
filed on Oct. 5, 1987, now abandoned, in which a tele 
phone communications control system was described 
which greatly facilitates providing attendant service for 
multiple incoming calls at the same time. 

BACKGROUND OF THE INVENTION 

This invention relates to an improvement in tele 
phone communications control systems. 
Many organizations gather and distribute information 

10 

15 

20 

in the course of telephone calls serviced at least in part 
by members of a staff of attendants or agents. Such 
organizations include major corporations which con 
duct television or other media advertising campaigns to 
encourage customers and potential customers to call the 
organization via a telephone number that is toll-free to 
the caller. The area code "800' is used in the United 
States for such toll-free telephone numbers. 
Other such organizations include non-commercial 

public broadcasting stations which solicit contributions 
from the viewing public to defray the cost of providing 
the broadcast services. Typically, such stations receive 
volunteer help from a large group of people who serve 
as an attendant staff to service incoming calls. 
As to commercial television stations, they often 

broadcast telethons to raise noney for charity and like 
wise need a large group of people to service incoming 
calls. Religious and other non-commercial organiza 
tions also use telecasts to encourage viewers to call the 
organization to receive pamphlets and other materials 
of interest. 

In each of the above-described situations, there is a 
need to provide, in a systematic and orderly way, for 
prompt and efficient servicing of the calls. 

Providing attendant service for multiple incoming 
calls at the same time requires multiple incoming lines. 
Unless a sufficient number of incoming lines are pro 
vided to meet the needs of peak volume traffic, incom 
ing callers will have to wait for service, and the longer 
the wait, the higher the percentage of callers who will 
hang up before receiving service. A tariff charge must 
be paid by the subscriber for every incoming line. Fur 
ther, if the incoming line is one which provides for 
toll-free dialing, the subscriber must pay usage charges 
for the line. Thus, a substantial expense can be incurred 
in subscribing to and using many lines. 
The system described in prior application No. 

07/249,220 provides numerous advantages in its ability 
to route incoming calls onto an outgoing line on the 
public switched network to attendants, who can be 
working at a remote location such as a regional call 
center or home. A network of attendants is established 
to which many calls could be quickly routed without 
having the remote attendants hang up between calls, 
thus minimizing call routing time. Keeping the remote 
attendants on-line is well suited to those periods of time 
when the incoming call traffic pattern is at a high level 
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2 
of activity, especially when the incoming lines are satu 
rated with calls. 
The technique of keeping an attendant on-line to the 

network and extending a series, sequence or stream of 
calls to an attendant without the need for an attendant 
to hang up between calls can be referred to by one of 
any number of phrases. This technique is referred to as 
"Call Streaming' within this application. 
The afore-referenced system was also operable in a 

traffic-dependent mode where the attendants were not 
connected to the system until the detection of an incom 
ing call. The incoming call would trigger the system to 
call a scheduled attendant. Thus, it would take longer to 
connect a caller to an attendant than in the instance 
when the attendant was already on-line, but this method 
was particularly cost-effective when the incoming call 
traffic pattern was very sporadic or even random. 
The afore mentioned system has numerous advan 

tages, but further improvements in its operation can yet 
be made. 

It is desirable to minimize the usage of the outgoing 
line to the remote attendant when the number of incon 
ing calls is low, and thus the line charges; but to main 
tain the advantages of quick call routing when the num 
ber of incoming calls is very high. 

It is also desirable to incorporate additional auto 
mated network management capability within such a 
system, such as automatically adapting the network to 
intermediate or varying levels of incoming call traffic. 

SUMMARY OF THE INVENTION 

This invention provides a novel and advantageous 
technique in the automatic control of the size of the 
attendant network in accordance with varying incom 
ing call traffic patterns. 
The invention may be defined in various terms. Ac 

cording to one definition of the present invention, it 
resides in a telecommunications control system for ac 
cepting a plurality of multi-purpose stations for use as 
attendant stations in an attendant service complex to 
service calls directed to the system from originating 
stations. This system comprises a first plurality of multi 
purpose stations in defining opposite ends of a call con 
nection path. Each of these connection controllers has 
controllable switching means for opening the call con 
nection path and releasing the respective multi-purpose 
station. 

This system further includes a second plurality of 
connection controllers. Each connection controller in 
this second plurality of connection controllers provides 
for cooperating with a respective one of a plurality of 
originating stations in defining opposite ends of a call 
connection path. This system further includes controlla 
ble inter-connection means arranged between the first 
and second plurality of connection controllers, and 
includes means for controlling the inter-connection 
means such that incoming calls from originating stations 
are extended to nulti-purpose stations that have been 
accepted as attendant stations. 
A means is provided for measuring the interval of 

time between incoming calls to each of the second plu 
rality of connection controllers. 

If a remote attendant is kept on-line, then incoming 
calls can be routed almost instantaneously to a waiting 
attendant. It is not financially practical to keep all atten 
dants on-line, unless the level of inconing call traffic is 
very high. If a remote attendant is kept off-line (i.e., his 
telephone is on-hook), then it will take a certain number 
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of seconds to go off-hook, dial, security check and ex 
tend a call to an attendant. This lessens toll charges, but 
increases the chances that the caller will hang up. Nu 
merous advantages of the above described system flow 
from the measurement of the time interval between 
incoming calls for each attendant. 
As soon as multipurpose stations have been accepted 

as attendant stations, the amount of time between in 
coming calls is measured for each attendant. If the idle 
time between calls exceeds a preset maximum waiting 
interval then that attendant is disconnected from the 
system. The system will re-activate the attendant when 
an incoming call is detected on the corresponding in 
coming line. By such means, the system is able to oper 
ate in a traffic dependant mode of operation, and mini 
mize the outgoing line charges. 
According to another definition of the invention, it 

resides in a system for networking such a plurality of 
multi-purpose stations in an attendant service complex. 
To provide for such networking, the system includes 
connection controllers arranged into a first plurality 
and a second plurality, with the first plurality cooperat 
ing with multi-purpose stations and with the second 
plurality cooperating with originating stations. Control 
lable inter-connection means are arranged between the 
first and second plurality of connection controllers. The 
system for networkinq includes means for controlling 
the inter-connection means such that incoming calls 
from originating stations are extended to multi-purpose 
stations that have been networked for use as attendant 
stations with such controlling means including means 
for causing a plurality of incoming calls to be extended 
to the same multi-purpose station during an interval 
throughout which the multi-purpose station remains 
networked as an attendant station. 
The system includes means for measuring the interval 

of time between incoming calls to each of the second 
plurality of connection controllers. 
To minimize line usage charges, the operation of the 

presently preferred embodiment of this invention is 
traffic volume dependent, and includes means to release 
a multi-purpose station if the time period between calls 
exceeds a preset maximum waiting interval, then re 
spond to a request to establish a call connection path for 
an incoming call by originating a call to, and re-estab 
lishing the previously released multi-purpose station as 
an attendant station, and then substantially simulta 
neously complying with the request in extending the 
incoming call to the re-established attendant station. 
Usage charges for both outgoing and incoming lines are 
reduced because of this feature. As to outgoing lines, 
the reduction in usage charges is a function of the aver 
age duration of a sequence of calls compared to the 
average duration between calls. As to incoming lines, 
because in this sequence the multi-purpose station is 
re-established as a network station before responding to 
the request, usage charges for the expensive incoming 
lines such as "800' lines are reduced. 
The system not only minimizes outgoing line charges 

but also is able to automatically control the size or ex 
tent of the network of attendants by disconnecting at 
tendants from the network or re-establishing previously 
networked attendant stations as required by the incom 
ing call traffic pattern and thus maintain a balance be 
tween keeping all the attendants on-line and keeping all 
the inactive attendants off-line. 
The ability of the system to automatically control the 

size of the network of attendants by in effect turning 
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4. 
Call Streaming on or off, as needed, to each attendant is 
particularly advantageous and is referred to as Dynamic 
Call Streaming. Network Control of such a type is 
especially advantageous when the attendants are re 
mote attendants connected to the system through the 
public switched network. Such a network of remote 
attendants is a "virtual” network operating on top of the 
public switched network. 
According to another definition of the present inven 

tion, it resides in an interactively-supervised, computer 
controlled system for allocating tasks in a network for 
servicing incoming calls. The system comprises com 
puter processing means and call extending means. The 
computer processing means includes means providing 
digitally coded commands to the call extending means 
and the call extending means includes means providing 
status data to the computer processing means so that the 
call extending means provides for extending incoming 
calls for answer and service by a group of service atten 
dants in accord with an allocation of tasks determined 
by the digitally coded commands. The system further 
includes display means and manual input means for use 
by a supervisor in interactively controlling the com 
puter processing means. The computer processing 
means is continually responsive to status data provided 
by the call extending means to generate on the display 
means a human-readable, continually updated status 
report by which the supervisor may be prompted to use 
the manual input means to enter supervisory commands. 
The computer processing means is responsive to such 
manually entered supervisory commands to provide 
digitally coded commands to cause a reallocation of 
tasks. 
The computer processing means includes means for 

determining the length of the interval between incom 
ing calls. The system further includes manual input 
means for use by a supervisor in interactively adjusting 
or altering the maximum waiting interval for individual 
attendants or groups of attendants. The computer pro 
cessing means is continually responsive to status data 
provided by the call extending means to generate on the 
display means a human readable, continually updated 
status report by which the supervisor may be prompted 
to use the manual input means to set or alter the maxi 
mum waiting intervals. Through the automatic control 
of the size of the network of attendants, the supervisor 
can devote his attention to other aspects of supervising 
the network. 
A particularly advantageous feature is that a supervi 

sor can alter in real-time the maximum waiting interval 
as needed to match the incoming traffic call pattern and 
desired levels of service in terms of minimizing the call 
connection time to remote attendants and also minimiz 
ing the outgoing line charges. 
The foregoing and other novel and advantageous 

features of this invention are described in detail below 
and are recited in the appended claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overall general functional block diagram 
of a system for interactively supervising a computer 
controlled sub-system to allocate tasks in a network for 
servicing incoming calls; 
FIG. 2 is an annotated map indicating a representa 

tive, geographically-dispersed configuration of a system 
whereby the public switched network is used to extend 
calls to multi-purpose stations located in various parts of 
the United States; 
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FIG. 3 is a functional block diagram illustrating a 
modular organization of electronic equipment incorpo 
rated in the preferred embodiment; 
FIG. 4 shows mechanical features of the modular 

organization; 
FIG. 5 is a block and schematic diagram of a bus 

controller incorporated in each of a series of rows of a 
line connection sub-system rack mounted in a cabinet in 
the preferred embodiment; 

FIG. 6 is a block and schematic diagram of circuitry 
included on a communications card used in the pre 
ferred embodiment; 

FIG. 7 is a block and schematic diagram of circuitry 
for a supervisory station connection controller included 
on a monitor card used in the preferred embodiment; 

FIG. 8 is a block and schematic diagram of sequenc 
ing circuitry for the monitor card; 
FIG. 9 is a block and schematic diagram of com 

mand-decoding circuitry for the monitor card; 
FIG. 10 is a block and schematic diagram of a circuit 

arrangement that is replicated on an audio message card 
used in the preferred embodiment for generating and 
transmitting messages; 
FIG. 11 is a block and schematic diagram of a circuit 

arrangement, similar in most respects to that of FIG. 10, 
and having additional circuitry used for digitizing an 
audio message and storing the digitized message in a 
RAM; 

FIG. 12 is a block and schematic diagram of com 
mand-decoding circuitry for the audio message card; 
FIG. 13 is a block and schematic diagram of circuitry 

on the audio message card for providing status data; 
FIG. 14 is a general functional block diagram of a line 

card used in the present invention for each pair of in 
coming and outgoing telephone lines; 

FIG. 15 is a block and schematic diagram of a portion 
of the line card, and shows circuitry for a pair of con 
nection controllers and an inter-connection switch; 
FIG. 16 is a block and schematic diagram of another 

portion of the line card, and shows circuitry for imple 
menting audio interface incorporating audio selection 
switches; 
FIG. 17 is a block and schematic diagram of another 

portion of the line card, and shows circuitry for control 
ling audio selection switches; 

FIG. 18 is a block and schematic diagram of another 
portion of the line card, and shows sequencing circuitry 
for the connection controller for the outgoing line; 

FIG. 19 is a block and schematic diagram of another 
portion of the line card, and shows sequencing circuitry 
for the connection controller for the incoming line; 

FIG. 20 is a block and schematic diagram of another 
portion of the line card, and shows circuitry for DTMF 
number generation and in-band signal decoding; 
FIG. 21 is a block and schematic diagram of another 

portion of the line card, and shows command-decoding 
circuitry; 

FIG. 22 is a block and schematic diagram of another 
portion of the line card, and shows circuitry for provid 
ing status data; 
FIG. 23 shows a representative displayed status re 

port for a supervisor at a supervisory console; 
FIG. 24 shows a top portion of a displayed status 

report, in which a pull-down menu appears as a result of 
the selection of "Control'; 

FIG. 25 is related to FIG. 24, and shows a maximum 
waiting interval timer selection pull-out menu resulting 
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from a selection of "Activate' from the pull-down 
menu; 
FIG. 26 is related to FIG. 25, and shows an activate 

pull-out sub-menu resulting from the selection of a par 
ticular timer from the prior pull-out menu. 

FIG. 27 provides, for the manual entry for a phone 
number as a result of a selection of "phone'; 

FIG. 28 shows a top portion of a displayed status 
report, in which a pull-down menu appears as a result of 
the selection of "Shift'; 
FIG. 29 comprises FIGS. 29A and 29B, and is a gen 

eral flow chart of overall operations involved in one of 
three processes carried out by a supervisory computer 
in the presently preferred embodiment, each of the 
three processes operating independently of one another; 
the process of FIG. 29 being for communications be 
tween the supervisory computer and a controlling com 
puter incorporated in the presently preferred embodi 
ment; 
FIG. 30 is a general flow chart of overall operations 

involved in a second of the three processes carried out 
by the supervisory computer, the process of FIG. 30 
being for real-time timing and for automatic functions; 
FIG. 30 is a general flow chart of overall operations 

involved in the second of the three processes carried 
out by the supervisory computer, the process of FIG.30 
being for real-time timing and for automatic functions; 
FIG. 31 is a general flow chart of overall operations 

involved in third of the three processes carried out by 
the supervisor computer, the process of FIG. 31 being 
for the user interface; 
FIG. 32 comprises FIGS. 32A and 32B, and is a more 

detailed flow chart of certain operations involved in the 
process of FIG. 31 with respect to processing a user 
command to send to the controlling computer; 
FIG. 33 is a more detailed flow chart of certain oper 

ations involved in the process of FIG.31 with respect to 
processing a system configuration command; 
FIG. 34 comprises FIGS. 34A and 34B, and is a more 

detailed flow chart of certain operations involved in the 
process of FIG. 31 with respect to processing shift and 
attendant commands; 
FIG. 35 is a general flow chart of overall operations 

involved in a main, outer loop carried out by the con 
trolling computer; 
FIG. 36 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 35, in particular 
operations for processing commands from the supervi 
sory computer; 

FIG. 37 is a more detailed flow chart of certain oper 
ations generally referred to in FIG. 36, in particular 
operations for servicing incoming telephone number 
commands; 
FIG.38 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 36, in particular 
operations for servicing line control commands; 

FIG. 39 is a more detailed flow chart of certain oper 
ations generally referred to in FIG. 38, in particular 
operations for servicing an activate attendant con 
mand; 
FIG. 40 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 38, in particular 
operations for servicing a deactivate attendant com 
mand; 
FIG. 41 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 36, in particular 
operations for servicing monitor control commands; 
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FIG. 42 comprises FIGS. 42A and 42B, and is a more 
detailed flow chart of certain operations generally re 
ferred to in FIG. 36, in particular operations for servic 
ing a configuration command; 

FIG. 43 is a more detailed flow chart of certain oper 
ations generally referred to in FIG. 36, in particular 
operations for servicing help and emergency com 
mands; 
FIG. 44 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 43, in particular 
operations for transferring an incoming caller; 

FIG. 45 is a more detailed flow chart of certain oper 
ations generally referred to in FIG. 35, in particular 
operations for scanning for line card status changes; 

FIG, 46 is a more detailed flow chart of certain oper 
ations generally referred to in FIG. 35, in particular 
operations for the processing of status changes; 

FIG. 47 comprises FIGS. 47A and 47B a more de 
tailed flow chart of certain operations generally re 
ferred to in FIG. 35, in particular operations for the 
processing of status changes; 
FIG. 48 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 47A, in particular 
operations carried out upon determining that the outgo 
ing line is back on hook; 
FIG. 49 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 47A, in particular 
operations for processing of DTMF status changes; 
FIG.50 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 49, in particular 
operations to service a DTMF help request; 
FIG. 51 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 49, in particular 
operations to service a DTMF emergency request; 
FIG. 52 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 49, in particular 
operations to service a DTMF emergency request; 
FIG. 53 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 49, in particular 
operations carried out if an attendant refuses calls; 
FIG. 54 comprises FIGS. 54A and 54B, and is a more 

detailed flow chart of certain operations generally re 
ferred to in FIG. 49, in particular operations to service 
a DTMF activation for another call; 
FIG.55 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 49, in particular 
operations to service a DTMF response from an emer 
gency attendant; 
FIG. 56 is a, more detailed flow chart of certain oper 

ations generally referred to in FIG. 47B, in particular 
operations carried out if an incoming caller has hung up; 

FIG. 57 is a more detailed flow chart of certain oper 
ations generally referred to in FIG. 56, in particular 
operations involved when a transfer has been at 
tempted; 

FIG. 58 is a more detailed flow chart of certain oper 
ations generally referred to in FIG. 56, in particular 
operations involved other than when a transfer has been 
attempted; 
FIG. 59 is a more detailed flow chart of certain oper 

ations generally referred to in FIG. 47B, in particular 
operations carried out if an attendant has hung up; 
FIG. 60 comprises FIGS. 60A and 60B, and is a more 

detailed flow chart of certain operations generally re 
ferred to in FIG. 59, in particular operations involved 
when a transfer has been attempted; 

FIG, 61 comprises FIGS. 61A and 61B, and is a more 
detailed flow chart of certain operations generally re 
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8 
ferred to in FIG. 59, in particular operations involved 
other than when; a transfer has been attempted; and 

FIG. 62 is a more detailed flow chart of certain oper 
ations generally referred to in FIG. 46, in particular 
operations for dumping an internal line database to the 
supervisory computer. 

FIG. 63 is a more detailed flow chart of certain oper 
ations generally referred to in FIG. 38, in particular 
operations for servicing a standby attendant command. 

DETAILED DESCRIPTION 

FIG. 1 shows, in general block diagram form, major 
functional elements of an interactively-supervised, com 
puter-controlled system 1A organized in accord with 
the presently preferred embodiment of this invention. 
System 1A provides for allocating tasks in a network 
for servicing incoming calls arriving on a plurality of 
incoming telephone lines 1B such as incoming line 1B-1. 

System. A comprises a line connection sub-system 
1Carranged between incoming telephone lines IB and a 
plurality of outgoing telephone lines 1D such as line 
1D-1. System 1A further comprises a computer process 
ing sub-system 1E which digitally communicates with 
line connection sub-system 1C. In digitally communi 
cating with line connection sub-system 1C, computer 
processing sub-system 1E provides digitally coded 
commands and receives status data. Through such digi 
tal communication, line connection sub-system 1C co 
operates with compute processing sub-system 1E and 
operates under its control to provide a call extending 
controller 2A (FIG. 2) capable of operating on an au 
tonomous basis to extend incoming calls for answer and 
service by a group of people working as service atten 
dants in accord with an allocation of tasks determined 
by the digitally coded commands. 

System 1A further includes a display means such as a 
video display terminal F and manual input means such 
as a mouse 1G for use by a person designated as a super 
visor in interactively controlling computer processing 
sub-system 1E. A keyboard 1H is part of video display 
terminal 1F, and may also be used by a supervisor who 
prefers to enter supervisory commands by keyboard 
entry rather than through mouse 1G. 
A supervisory station 1 is connected via a monitor 

phone line 1J to line connection sub-system 1C to pro 
vide an audio link that the supervisor uses to confer 
with an incoming caller, with one or more service atten 
dants, or with an incoming caller and a service atten 
dant simultaneously. In system 1A, supervisory station 
1I is a conventional touch-tone dial telephone instru 
ment with a microphone and speaker for optional 
hands-free talking and listening; one of numerous alter 
natives involves using a headset as supervisory station 
1I. In combination, supervisory station 1I, video display 
terminal 1F, and mouse 1G provide a supervisory con 
sole generally indicated as K. 
Computer processing sub-system 1E is continually 

responsive to status data provided by line connection 
sub-system 1C to generate on video display terminal 1F 
a human-readable, continually updated status report by 
which the supervisor may be prompted to use mouse 
1G to enter supervisory commands. Computer process 
ing sub-system 1E is responsive to such manually en 
tered supervisory commands to provide digitally coded 
commands to cause a re-allocation of tasks, as explained 
more fully below with reference to more detailed draw 
ings concerning the construction and operation of sys 
ten 1A. 
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System 1A can be set up in any of a variety of config 
urations to suit the needs of any particular organization 
and facilitate the handling of multiple incoming calls in 
an efficient way. With respect to computer processing 
sub-system 1E, the functions it performs divide in gen 
eral way into functions relating to communicating with 
and controlling line connection sub-system 1C whereby 
incoming calls can be autonomously extended, and into 
functions relating to communicating with and control 
ling video display terminal 1F whereby human-readable 
status reports can be displayed and the supervisor can 
interactively exercise human control over system func 
tions. A suitable, and presently preferred, configuration 
of computer processing sub-system 1E entails two phys 

10 

ically separate microprocessor-controlled computers of 15 
the kind commonly described as personal computers, 
and a data communication link between the two per 
sonal computers. Herein, one of these personal comput 
ers is referred to as a controlling computer, and the 
other as a supervisory computer. With such presently 
preferred configuration, the controlling computer oper 
ates under software control to cooperate with line con 
nection sub-system 1C to define call extending control 
ler 2A (FIG. 2) which extends incoming calls to service 
attendants on an autonomously operating basis. It 
should be understood that the physical division of com 
puter processing sub-system le into two separate per 
sonal computers is a subordinate detail. It would be 
suitable, for example, to employ a so-called "dumb 
terminal' with which a supervisor interacts with the 
system, and to concentrate computer processing func 
tions within a single computer. 
With reference to FIG. 2, there will now be described 

a representative overall system configuration, set up for 
an organization having facilities in Dallas, Texas and an 
office in Chicago, Illinois. 
The representative configuration of FIG. 2 takes 

advantage of particularly preferred features of a system, 
whereby the incoming liens and the outgoing liens are 
connected to the public switched network. Because the 
incoming liens are connected to the public switched 
network, through a central office 2B near the Dallas 
facilities, a caller can originate an incoming call to the 
system from any arbitrary location, e.g., New York City 
as indicated in FIG. 2, with the incoming call being 
routed through a nearby central office 2C over the 
public switched network to central office 2B. The orga 
nization can subscribe to a group of incoming toll-free 
lines, all appearing to have the same "800" telephone 
number. The routing of any incoming call, originated 
by dialing the "800' number, is effected in accord with 
the standard techniques of the public switched network. 

Because the outgoing lines are connected to the pub 
lic switched network, incoming calls can be extended to 
various arbitrary locations, including private homes 
where ordinary home telephones can be used by a part 
time staff of at-home service attendants to answer and 
service the calls. 

For example, one of the part-time staff of at-home 
service attendants can answer and service calls ex 
tended by system 1A through the public switched net 
work to Seattle, Washington, as indicated in FIG. 2. 
Because of the three-hour difference between the time 
zones for the East Coast and the West Coast, it often 
will be desirable to take this time difference into ac 
count in forming a shift of at-home service attendants. 
Thus, when a high volume of incoming calls are likely 
to be placed from locations in the East Coast in the 

20 

25 

30 

35 

45 

55 

10 
early morning there, say between 6:00 a.m. and 7:00 
a.m., it is more desirable for the staff of at-home service 
attendants to be selected from residents along the East 
Coast. 
As to the person who is to serve as the supervisor of 

the system, that person likewise can work at any arbi 
trary location, e.g., in the organization's offices in Chi 
cago. In accord with preferred features of this inven 
tion, modems (not shown in FIG. 2) are provided to 
communicate data over the public switched network 
between call extending controller 2A located in Dallas 
and supervisory console 1K located in Chicago. 

Further with respect to overall operation of system 
1A, it is highly desirable for it to provide features mak 
ing efficient use of the investment made in the system 
and in leasing telephone lines, and to minimize tele 
phone usage charges, both with respect to usage 
charges for the incoming lines that are toll free only to 
the originating parties, and with respect to usage 
charges for the outgoing lines. 
To provide for such efficiency, it is advantageous for 

the system to include automatic dialing features to place 
calls to a group of multi-purpose stations such as at 
home telephones, and accept these called stations as 
network stations, all just before the beginning of any 
period of predictable high volume incoming traffic. 
One of the advantages of the present invention, to be 

described in greater detail subsequently, is the ability of 
the system to automatically control or regulate the size 
of the network of remote attendants to correspond to 
the incoming call traffic pattern. As more calls arrive, 
more attendants are networked or re-networked by the 
system to process calls. As the number of incoming calls 
decreases and as attendants spend more idle time be 
tween calls than is permitted under the preset maximum 
waiting interval for each attendant, then a proportion 
ate number of attendants are disconnected from the 
network and placed on standby. By such means, the 
outgoing line charges are minimized. 

System 1A has such preferred automatic dialing fea 
tures as disclosed in more detail below, and has further 
novel and advantageous features relating to accepting 
multi-purpose stations into the network or complex of 
attendant service stations, and relating to performing 
this function in a highly automated way. AS part of this 
automation, system 1A provides automatic message 
transmitting features, whereby service attendants upon 
answering the call automatically placed by the system 
are greeted with a pre-recorded message, alerting them 
that the call being answered is one from the system, and 
thereby prompting the entry of a code defining a secu 
rity clearance signal which is transmitted in DTMF 
(Dual Tone Multi Frequency) signal form to system 1A. 
System 1A provides for transmitting numerous other 
messages under various circumstances, such as at the 
end of a shift; for transmitting music, for example, while 
a service attendant is waiting to have an incoming call 
extended; and for transmitting a prompt tone to the 
service attendant just before an incoming call is to be 
extended. 
With reference to FIG. 3, system 1A will now be 

described at a more detailed block diagram level. To 
emphasize basic features of system 1A and to avoid 
obscuring such basic features with subordinate detail, 
various matters concerning the construction of this 
specific embodiment are referenced in FIG. 3 in general 
terms. One such matter concerns a matrix of line cards 
referenced in FIG. 3 in general terms as line card 
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3A(0,1) through line card 3A(M,N), where M stands for 
row and N stands for column. In a specific embodiment, 
particularly suitable for handling a high volume of in 
coming traffic, there are 75 line cards arranged in five 
rows (0.6) and fifteen columns (1.15). 
The line cards form part of line connection sub-sys 

tem 1C that is appropriately characterized as a hard 
ware sub-system. In addition to the line cards, sub-sys 
ten 1C includes a separate row bus corresponding to 
each row of line cards, including row (0) bus, row (1) 
bus, and row (M) bus. Sub-system 1C further includes a 
separate bus controller corresponding to each row bus, 
including bus controller (0), bus controller (1), and bus 
controller (M). Sub-system 1C further includes a system 
bus, and a plurality of system cards. As presently ar 
ranged, the specific embodiment has the capacity to 
receive up to five different system cards, including such 
system cards as may be provided in future expansion to 
provide special functions that may be desired. One of 
the system cards that is used in this specific embodiment 
is a SYS. CARED 0, which is also referred to as commu 
nications card 3B. 
FIG. 3 also shows a controlling computer 3C which 

communicates with line connection sub-system 1C 
through communications card 3B. Communications 
card 3B has an a synchronous communications interface 
for communicating with controlling computer 3C. FIG. 
3 also shows supervisory console 1K as comprising a 
remote supervisory computer 3D and supervisory sta 
tion 1I. A modern phone line 3E connects remote super 
visory computer 3D to controlling computer 3C. Con 
trolling computer 3C has an internal modem which is 
connected via modem phone line 3E to a remote 
modem within remote supervisory computer 3D. 
Another one of the system cards, viz, SYS. CARD 1 

(also referred to as monitor card 3F) communicates 
with supervisory station I via monitor card 3F) con 
municates with supervisory station I via monitor 
phone line 1.J. Another one of the system cards, viz, 
SYS. CARD 2 (also referred to as audio message card 
3G) providés circuitry used in automatic message trans 
mitting features of system 1A. 
Each line card has an incoming line interface, an 

outgoing line interface, and a row bus interface. Line 
card 3A(0,1) has its incoming line interface connected 
to incoming line 1B-1, and has its outgoing line interface 
connected to outgoing line ID-1. In general, any line 
card can be referred to as line card 3A(i,j) has its incorn 
ing line interface connected to incoming line 1B 
(i'15)--j) and its outgoing line interface connected to 
outgoing line 1D-Gi"15)--j). 

Each of the line cards along a row has its row bus 
interface connected to the particular row bus of row bus 
(0) through row bus (M) that corresponds to that row. 
All the bus controllers and all the system cards connect 
directly to the system bus. 

FIG. 4 shows the line cards in place within a cabinet 
4A that is a standard size cabinet for housing rack 
mounted printed circuit boards. Within cabinet 4A 
there are five backplane or motherboards 4B-O through 
4B-M, each extending across the width of cabinet 4A. 
In accord with conventional techniques, each line card 
has an edge connector for connection to a mating, verti 
cally oriented connector on such a motherboard. As 
indicated in FIG. 4, the fifteen line cards of each row 
are horizontally spaced apart within cabinet 4A. 

Each motherboard has, in addition to the fifteen con 
nectors for a row of line cards, another connector for a 
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system card. As indicated above, each system card com 
municates with the system bus. Each motherboard also 
supports circuitry (FIG. 5) for implementing the func 
tions of the bus controller for the corresponding row. 
To provide a further general overview of the entire 

system before proceeding into a detailed disclosure of 
specific implementing hardware, there will now be 
described, with reference to FIG. 23, a representative 
human-readable status report that is displayed to the 
supervisor. This representative displayed status report, 
like others described below, has a format suitable for 
presentation on a standard 25-line monochrome display, 
but preferable is displayed on a color display so that 
easily remembered color codes can facilitate prompting 
of the supervisor. 
The top line of the displayed status report is referred 

to herein as a main menu selection line. Any item on the 
main menu selection line can be selected by the supervi 
sor by moving mouse 1G so as to position a mouse 
cursor to the desired item and clicking a button on the 
mouse. Some of the main menu items have associated 
sub-menus (not shown in FIG. 23), each of which pres 
ents sub-selections in a pull-down menu upon selection 
of a main menu item. Further, some sub-selections on 
certain pull-down menus have associated options that 
are presented as a pull-out menu as explained more fully 
below. 
The main menu items appearing on the representative 

displayed status report of FIG. 23 are "Control," 
"Shift,” “Times,” “Config' and “Monitor.” 

Beneath the main menu selection line there is an area 
that in the representative displayed status report of 
FIG. 23 sets out various types of information. Global 
information provided includes the current date and time 
and information concerning a "Shift', i.e., information 
identifying, as a group, the people who are serving as 
service attendants, and statistical information ("Calls' 
and "Drops) concerning the performance of the system. 
Statistical information ("Calls' and "Drops') is pro 
vided on the specific "Shift' and "Ringthrough" in 
progress. A "ringthrough' is defined as a period of time 
within a shift during which a large number of incoming 
calls are expected. Also provided is specific information 
such as name, phone number, activity level and status of 
the particular attendant, whose status block is sur 
rounded by the box on the display further below, which 
indicates that that line is also being monitored. Beneath 
the upper information area is a legend line showing six 
items, viz., "Dialing," "Not Ready,” “Ready," "Call," 
"Busy,' and "Standby.' Each of these items is dis 
played with a color-coded box to aid the supervisor in 
interpreting the color coding of the displayed status 
report. 

Beneath the legend line there is a matrix display area 
that in this specific embodiment has 75 elements that are 
in one-to-one correspondence with the 75 line cards 
mentioned above. Each of the elements in the matrix 
display area comprises a box and an optional line card 
number. Each box provides status information concern 
ing a corresponding line card; preferably this is pro 
vided by color coding the boxes. In FIG. 23, each box 
is shaded for the color blue, this being the color used to 
indicate a line card condition in which there is no atten 
dant on line, and software has made the line card idle by 
"busying' its incoming line. Other colors, not shown in 
FIG. 23, are: bright red to indicate that the attendant is 
not ready to service an incoming call; yellow to indicate 
that the attendant is waiting for an incoming call; green 
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to indicate that the attendant is servicing an incoming 
call; and grey to indicate that an attendant is on standby, 
i.e. not currently on-line to the system but scheduled to 
be ready to be networked to the system if the level of 
incoming call traffic requires that attendant to service a 
call. 
One box at a time is surrounded by a frame that serves 

as a display pointer to a line card. In FIG. 23, the dis 
play pointer happens to be framing the box numbered 
"18.” This means that the supervisor can issue supervi 
sory commands targeted to affect the line card that has 
a line card ID of "18." 1f the supervisor wants to issue 
supervisory commands targeted to affect a different line 
card, the supervisor can move mouse 1G to position the 
mouse cursor at the desired box, then click the mouse 
button, and the display pointer will jump to the selected 
box. 

If the supervisor wishes to monitor a particular line, 
the supervisor can position the mouse cursor to the 
"Monitor' item on the main selection line and then click 
the mouse cursor button. The "monitor' item is a toggle 
type of selection, i.e., successful selections of this item 
toggle between an incoming line monitor and an outgo 
ing line monitor. The status of the monitor item toggle 
is also visually displayed; in the preferred embodiment, 
the display pointer is a single line frame in one case, and 
a double line frame in another case. There is no need for 
any pull-down menu for any of the toggle items. 
With reference to FIGS. 5 and 6, there will now be 

described circuitry involved in communicating digitally 
coded commands and status data, and audio, between 
controlling computer 3C and sub-system 1C. FIG. 5 
shows circuitry for implementing a bus controller; as 
stated above, each motherboard has such a bus control 
ler. FIG. 6 shows circuitry for implementing communi 
cations card 3B. 

Each bus controller has essentially the same construc 
tion, and, for generality of reference, circuitry shown in 
FIG. 5 is identified therein as “BUS CONTROLLER 
(I)." This circuitry is connected between the system bus 
and row bus (I). 
The system bus has 42 parallel conductors. Six of 

these parallel conductors are referred to as an Audio 
Bus which provides for propagating signals identified as 
Message 1, Message 2, Message 3, Message 4, Music, 
and Monitor Audio. The purposes of these signals have 
been generally described above as part of the general 
overview of the system and various features it provides 
including automatic message transmission features, etc. 
Each row bus has six corresponding parallel conduc 
tors, and each bus controller directly connects together 
the Audio Bus portion of the system bus and the Audio 
Bus portion of the row bus. This is indicated in FIG. 5 
by the line labelled "Audio Bus' that extends between 
the lines labeled "SYSTEM BUS' and "ROW BUS 
(I).” 
The number of parallel conductors in the Audio Bus 

is indicated in FIG. 5 by a slash and the number 6 next 
to the slash. This symbology of a slash and an adjacent 
number is used throughout the drawings to indicate the 
number of parallel conductors that are represented as a 
single line. 

Eight other parallel conductors of the system bus 
provide for propagating a Command Word. In FIG. 5, 
a functional block 5A is used to indicate that eight par 
allel Schmitt trigger drivers are included in each bus 
controller for communicating each such Command 
Word to the corresponding row bus. 
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Eight other parallel conductors of the system bus 

provide for propagating a Status Word. As indicated in 
FIG. 5, a tri-state bus driver 5B is included in each bus 
controller for selectively communicating a Status Word 
from the corresponding row bus to the system bus. 

Eight other parallel conductors of the system bus are 
referred to as a Row Select Bus which provides for 
propagating a one-out-of-eight selection signal. As indi 
cated in FIG. 5, each bus controller has a row address 
selector 5C comprising a group of terminal pairs with 
which a jumper SD is used to configure a row address. 
It should be understood that one of these eight conduc 
tors is a spare providing for system expansion from the 
five-row matrix of cards used in the specific embodi 
ment being described. 
Four other parallel conductors of the system bus 

provide for propagating a Card Select Nibble. As indi 
cated in FIG. 5, a decoder 5E is included in each bus 
controller for decoding the Card Select Nibble. De 
coder 5E has an enable input connected to the output of 
an AND gate 5F. If the output of AND gate 5F is true, 
and a Card Select Nibble is applied to decoder 5E, then 
one of sixteen Card Select signals will be true. A Card 
Select 0 signal selects a system card within a row. Each 
of the remaining fifteen such card select signals selects a 
line card within a row. 
One other conductor of the system bus provides for 

propagating a Row Bus Disable Flag produced by a 
retriggerable one-shot 5G in response to manual actua 
tion of a row service switch 5H. 
One other conductor of the system bus provides for 

propagating a 3.579 MHz Clock signal. Each bus con 
troller has a Schmitt trigger driver 5 for propagating 
this clock signal to the corresponding conductor of the 
row bus. 
One other conductor of the system bus provides for 

propagating a Prompt Tone signal. The Prompt Tone 
signal is used for the purpose, generally described 
within the general overview of the system, of prompt 
ing a service attendant to be prepared to service an 
incoming call; the Prompt Tone signal is automatically 
transmitted over an outgoing line just before an incom 
ing call is extended for answer and service by the ser 
vice attendant. Suitably, the Prompt Tone signal has a 
frequency of 400 Hz. Each bus controller has a Schmitt 
trigger driver 5J for propagating this Prompt Tone 
signal to the corresponding conductor of the row bus. 
One other conductor of the system bus provides for 

propagating a Message 2 Start/Stop Strobe signal. Each 
bus controller has a Schmitt trigger driver 5K for prop 
agating this strobe signal to a corresponding conductor 
of the row bus. 

Four other conductors of the system bus define a 
spare bus providing for system expansion. 
As shown in FIG. 6, communications card 3B in 

cludes a UART (Universal Asynchronous Receiver 
Transmitter) 6A having an "S In” input for receiving 
serial input data (from controlling computer 3C) and 
having an "S Out' output for transmitting serial output 
data (to controlling computer 3C). A baud rate genera 
tor 6B and a crystal 6C tuned to 1.8432 MHz cooperate 
to provide an input control signal to UART 6A to set its 
baud rate. 
With respect to the serial input data UART 6A re 

ceives, UART 6A performs a serial-to-parallel conver 
sion function such that each group of eight successive 
bits of a byte are converted to parallel format and ap 
plied to an eight-conductor signal path 6A-O. With 
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respect to the serial output data UART 6A transmits, 
UART 6A performs a parallel-to-serial conversion 
function such that each eight-bit Status Word it receives 
in parallel from the system bus via a signal path 6A-I is 
converted to serial form for transmission to controlling 
computer 3C. 
Communications card 3B further includes an 8-bit 

address latch 6D, an 8-bit command word latch 6E, and 
a 3x3 decoder 6F that are arranged to respond to the 
parallel output of UART 6A; and further includes a 
divider 6G that performs a frequency dividing function 
in response to an output of generator 6B to produce the 
Prompt Tone at approximately 400 Hz; and further 
includes a crystal-controlled clock source 6H for pro 
ducing the 3.579 MHz Clock. The output of decoder 6F 
is connected to the row select bus conductors of the 
system bus. The four least significant bit positions of 
latch 6D provide the Card Select Nibble to the system 
bus. The 8-bit output of latch 6E provides the Com 
mand Word to the system bus. The Prompt Tone and 
the 3.579 Mhz Clock are applied to the system bus. 
The digitally coded commands that controlling com 

puter 3C issues to sub-system 10 are received in serial 
form by UART 6A. These digitally coded commands 
include commands having a two-byte format, one byte 
defining a card address and another byte defining a 
Command Word. A card address byte, converted from 
serial to parallel by UART 6A, undergoes two levels of 
decoding, one level to address a row of line cards, and 
another level to address a line card within the addressed 
row. As to the row-addressing, the most significant 
nibble of the addressing byte is, after it is latched within 
part of address latch 6D, decoded by decoder 6F so that 
only a selected conductor of the eight-conductor row 
select bus propagates a true signal whereas the remain 
ing conductors propagate a false signal. Because there 
are five rows in this embodiment, three addressing bits 
suffice to identify a row. The most significant bit of a 
group of eight bits transmitted from controlling com 
puter 3C may be coded to distinguish an address from a 
Command Word. If, for example, row 0 of the matrix of 
line cards is being addressed, Row Select 0 (FIG. 5) will 
be true. In bus controller (0), jumper 5D connects a 
terminal pair of row address selector 5C such that the 
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true condition of Row Select 0 causes the output of 45 
AND gate 5F to become true (if the row has not been 
disabled for service via actuation of row service switch 
5H). While the output of AND gate 5F is true, decoder 
5E is enabled to decode the Card Select Nibble pro 
vided by part of latch 6D (FIG. 6). If, for example, line 
card 3A(0,1) is being addressed, the Card Select Nibble 
will cause decoder 5E to force the Card Select 1 signal 
to be true, and to force the Card Select 0 signal and each 
of Card Select 2 through Card Select 15 signals to be 
false. 
The digitally coded status data that controlling com 

puter 3C receives from line connection sub-system 1C 
are transmitted in serial form by UART 6A. The signal 
flow in this direction proceeds from a row bus to a 
tri-state bus driver 5B within the corresponding bus 
controller. The output of AND gate 5F is applied to an 
enable input of tri-state bus driver 5B to perform the 
same kind of selection function as has been described 
above, whereby only one row bus at a time is selected to 
provide a Status Word to the system bus. UART 6A on 
communications card 3B serializes the Status Word it 
receives from the system bus, and transmits it as its 
serial data output to controlling computer 3C. 
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With reference to FIGS. 7, 8, and 9, there will now be 

described circuitry included on another system card, 
viz, monitor card 3F. 
Monitor card 3F defines, among other things, the 

interface between line connection sub-system 1C and 
supervisory station 11; i.e., monitor phone line J has 
one of its ends connected to monitor card 3F as shown 
in FIG. 7, and has its opposite end connected to supervi 
sory station I. Some of the circuitry shown in FIG. 7, 
in particular circuitry indicated generally at 7, performs 
functions for a supervisory connection controller for 
cooperating with supervisory station 1 to form oppo 
site ends of a call connection path. Other circuitry 
shown in FIG.7 performs functions for providing status 
data to controlling computer 3C. Monitor card 3F in 
cludes command-decoding circuitry (shown in FIG.9) 
for producing various logic signals, some of which 
cause logic and sequencing circuitry on monitor card 
(shown in FIG. 8) to produce other logic signals in a 
predetermined sequence. 
As to the decoding circuitry depicted in FIG. 9, it 

includes three decoders 9A, 9B, and 9C, and a Schmitt 
trigger driver 9D. The input to driver 9D is a Card 
Select signal received from row bus (1). As indicated by 
FIGS. 2 and 3, monitor card 3F occupies the system slot 
of row 1 of sub-system 1C. When the bus controller for 
row 1 is enabled and its decoder 5E (FIG. 5) forces the 
Card Select 0 signal to be true, circuit 9D enables de 
coders 9A, 9B, and 9C to produce a valid decoded 
output in response to the Command Word being propa 
gated to monitor card 3F from controlling computer 3C 
via the system bus, Schmitt trigger drivers 5A (FIG. 5), 
and row bus (1). 
The circuitry depicted in FIG. 9 also includes a 

Schmitt trigger driver circuit 9E and a Schmitt trigger 
driver circuit 9F. Circuit 9E provides for buffering the 
3.579 MHz clock. Circuit 9F provides for buffering a 
Message 2 Start/Stop Strobe. 
As shown in FIG. 7, circuitry 7 of the supervisory 

station connection controller includes an incoming tran 
sient-surge suppressor 7A connected across monitor 
phone line 1J, Tip and Ring lines, and a diode bridge 7B 
connected between monitor phone line 1J and the Tip 
and Ring lines to ensure correct polarity for DC poten 
tial of the Tip line relative to the Ring line. 

Circuitry 7 further includes a transformer 7C having 
a capacitor 7D connected in parallel with its primary 
winding, a Zener diode 7E, a hook switch simulating 
controllable switch 7F, which is a relay. While switch 
7F is closed and DC loop current flows through it, such 
DC loop current flows from the Tip line, through the 
primary winding of transformer 7C, through zener 
diode 7E, through the closed switch 7F, to the Ring 
line. While such loop current flows, a voltage is devel 
oped across zener diode 7E. A loop-current detecting 
circuit 7G is connected to be responsive to the voltage 
developed across zener diode 7E, and includes a switch 
ing transistor that is on only while loop current is flow 
ling. 

Circuitry 7 further includes a ground-start simulating 
controllable switch 7H that, like hook switch simulating 
controllable switch 7F, is a relay. Circuitry 7 further 
provides for sensing and detecting a ringing signal. In 
particular, a ringing-signal detecting circuit 7I has its 
input AC coupled across the Tip and Ring lines, and has 
a switching transistor that is on if a ringing signal is 
present. 
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The controllable switches of circuitry 7 operate in 
accord with logic signals, the values of which are deter 
mined by commands that are issued by controlling com 
puter 3C. One of the logic signals produced by the 
sequencing circuitry depicted in FIG. 8 is identified in 
FIG. 8 as "CTL90 Line Connect Control.' This CTL 
90 signal is applied as the control input to hook switch 
simulating switch 7F shown in FIG. 7, as indicated by 
the reference to "CTL 90-Line Connect Control' 
adjacent the line leading to switch 7F. The foregoing is 
in accord with a notational convention used generally 
throughout the drawings to indicate how various cir 
cuits on separate drawing figures are interconnected. 
Also, as part of the notational convention, the terms 
"Control,' "Strobe,' and "Status Bit,' are used to indi 
cate the nature of a signal. The term "Control' applies 
to a signal that has either a true value to es-tablish a 
control condition or a false value to establish an oppo 
site control condition. The term "Strobe,” applies to a 
signal having a pulse format for initiating or terminating 
an operation. The term "Status Bit” applies to a signal 
containing information to be provided to controlling 
computer 3C is a part of a group defining a Status 
Word. Further with respect to logic signal notation, the 
circuitry shown throughout the drawings uses "positive 
logic control.” For example, a true logic level for the 
CTL 90 control signal causes the switch it controls, viz, 
switch 7F, to close; otherwise the switch 7F is open. 

In addition to the Line Connect Control signal (CTL 
90)-described above, a Ground Line Control signal 
(CTL 86) is produced by the sequencing circuitry de 
picted in FIG. 8 and used to control circuitry 7. More 
particularly, this CTL 86 signal is used to control 
ground start simulating switch 7H. 
A CK signal (CTL 80) is a buffered clock signal 

provided by driver 9E (FIG. 9), and is applied as a 
trigger input to each of two retriggerable one-shots 7J 
and 7K. One-shot 7J responds to loop-current detecting 
circuit 7G to produce a Line Current Status Bit signal 
(STA 8). One-shot 7K responds to ringing-signal de 
tecting circuit 7 to produce a Ring Detect Status signal 
(STA9). 
The secondary winding of transformer 7C is con 

nected to a controllable switch 7L that defines a con 
trollable inter-connection means arranged between the 
connection controller circuitry 7 and a conductor of the 
Audio Bus used for propagating a Monitor Audio Sig 
nal (AUD 4). Controllable switch 7L is a field effect 
transistor (FET); a suitable alternative is a relay. Con 
trollable switch 7L is closed while an Audio Connect 
Control signal (CTL 91) is true; otherwise it is open. 
The logic level of the Audio Connect Control signal is 
determined by circuitry depicted in FIG. 8 in accord 
with signals produced by the command-decoding cir 
cuitry shown in FIG. 9. 
A circuit node is defined where controllable switch 

7L and the secondary winding of transformer 7C are 
interconnected. Four other controllable switches 7M, 
7N, 7O, and 7P are also connected to that circuit node. 
In operation of system 1A, no more than one of these 
four switches is closed at any one time. During the time 
that a call is being placed to a remote supervisor, switch 
7M is closed, and the output of a DTMF generator 7Q 
is coupled through switch 7M so as to dial a telephone 
number at which the remote supervisor can be reached. 
Before such dialing commences, a sequence of opera 
tions is performed, under control of controlling com 
puter 3C; the sequence includes loading DTMF genera 
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tor 7Q with a selected telephone number, closing switch 
7F to simulate an off hook condition, operating switch 
7H in accord with conventional ground start line proto 
col so that dial tone will be requested, and then causing 
DTMF generator 7Q to output the stored telephone 
number for the supervisor. 

Switches 7N, 70, and 7P provide switching control 
for propagating, respectively, Message 1 Audio (AUD 
6), Message 2 Audio (AUD 7), and Message 3 Audio 
(AUD 8). These three audio signals are used in the 
automatic message transmitting feature. 
A DTMF receiver 7R has its input capacitively con 

nected to the above-nentioned node to which the fore 
going numerous switches are connected; receiver 7R 
provides for detection of in-band signals used in the 
operation of system 1A. A decoder 7S responds to the 
parallel output signal of receiver 7R to produce eight 
different strobesignals that are identified in FIG. 7. 
The circuitry depicted in FIG. 7 further includes 

circuitry for defining the information content of a Sta 
tus Word to be provided to controlling computer 3C 
regarding conditions of operation of monitor card 3F. 
This circuitry includes a three-stage bus driver and 
multiplexer 7T, and a three-stage, four-bit latch 7U. 
Multiplexer 7T has an "A Enable' control input and a 
"B Enable' control input that receive, respectively, a 
Status A Control signal (CTL 78) and a Status B Con 
trol signal (CTL 77). These control signals are pro 
duced by decoder 9C (FIG. 9) in response to digitally 
coded commands issued by controlling computer 3C. 
When controlling computer 3C issues a digitally coded 
command to obtain Status A data from monitor card 
3F, decoder 9C forces the Status A Control signal 
(CTL 78) to be true. In response, multiplexer 7T propa 
gates signals from its "A" data inputs to Bits 4-7 of the 
Status Word. Its "A' inputs include Ground Return, 
i.e., a false logic value; the Audio Connect Control 
signal (CTL 91); an On-Hook Timer Status Bit signal 
(STA 10); and the Line Current Status Bit signal (STA 
8). When controlling computer 3C issues a digitally 
coded command to obtain Status B data from nonitor 
card 3F, decoder 9C forces the Status B Control signal 
(CTL 77) o be true. In response, multiplexer 7T propa 
gates signals from its "B" data inputs to Bits 4-7 of the 
Status Word. Its “B” inputs include Ground Return; the 
Line Connect Control signal (CTL 90); and the Ring 
Detect Status signal (STA9). One of the "B" inputs is a 
spare. 
As for Bits 0-3 of a status word provided by monitor 

card 3F, latch 7U has an enable input that responds to 
the Status A Control signal (CTL 78). When control 
ling computer 3C issues a digitally coded command to 
obtain Status. A data from monitor card 3F, decoder 9C 
forces the Status A Control signal (CTL 78) to be true. 
In response, latch 7U propagates signals from its data 
inputs to Bits 0-3 of the Status Word. Its data inputs are 
the four parallel output signals of receiver 7R, i.e., the 
CTL 82, CTL 83, CTL 84, and CTL 85 signals. Latch 
7U copies these signals whenever receiver 7R forces a 
DTMF Data Valid Control signal (CTL 81) to become 
te. 

With reference to FIG. 8, the circuitry depicted 
therein is generally related to sequencing functions, a 
representative example of which has been generally 
described above concerning the sequence of operations 
involved in going off-hook and dialing the supervisor. 
The circuitry of FIG. 8 includes a busy line flip flop 8A 
that, like other flip flops and other bit-storing devices 
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described below, has a Q output and a Q output. In the 
case of flip flop 8A, only the Q output is connected to 
other circuitry. While flip flop 8A is in its set state, its Q 
output produces a true logic level signal, and its Q out 
put produces a false logic level signal. While in its reset 
state, its Q output is false and its Q output is true. Flip 
flop 8A is set by a Busy Line Control signal (CTL 60), 
and is reset by an Un-Busy Line Control signal (CTL 
59). These setting and resetting signals are produced by 
decoder 9A (FIG. 9) in response to digitally coded 
commands issued by controlling computer 3C. The Q 
output of flip flop 8A is connected to one input of a 
two-input OR gate 8B, the output of which produces 
the Ground Line Control signal (CTL 86) for control 
ling ground start simulating switch 7H (FIG. 7). 
The circuitry of FIG. 8 further includes a gate 8C 

that produces a signal to set a phone line flip flop 8D if 
an Off-Hook And Dial Control signal (CTL 57) is true 
and an On-Hook Timer Status Bit signal (STA 10) is 
false. The Off-Hook And Dial Control signal is pro 
duced by decoder 9A (FIG. 9) in response to digitally 
coded commands issued by controlling computer 3C. 
The On-Hook Timer Status Bit signal is produced by an 
on-hook timer circuit 8E. Phone line flip flop 8D is reset 
when the output of an OR gate 8F is true; this occurs if 
either an On-Hook Control signal (CTL 58) or an Acti 
vate Timer End Strobe signal (STB 23) becomes true. 
The On-Hook Control signal is produced by the de 
coder 9A (FIG. 9) in response to digitally coded com 
mands issued by controlling computer 3C. The Activate 
Timer End Strobe signal is produced by a timer-end 
one-shot circuit 8G. 
The circuitry of FIG. 8 further includes a disconnect 

timer circuit 8H that has a trigger input and a clear 
input. When triggered, disconnect timer 8H initiates a 
sequence of operations involved in playing a message 
(message 2) to the supervisor and then terminating the 
call connection path between supervisory station 1I and 
monitor card 3F. Message 2 in this embodiment has a 
duration of approximately ten seconds, and is cyclically 
generated. To ensure that the full message is played 
from start to finish, disconnect timer circuit 8H pro 
vides a timing interval having a maximum duration of 
twice the length of the message, i.e., twenty seconds. 
The trigger input of disconnect timer circuit 8H is 

connected to the Q output of flip flop 8D. A false-to 
true transition in the signal produced by the Q output of 
flip flop 8D, triggers disconnect timer circuit 8H to start 
to define its timing interval. During this timing interval 
the Q output of disconnect timer 8H is true. This forces 
the output signal of an OR gate 81 to remain true; it had 
been true because the signal produced by the Q output 
of flip flop 8D had been true until disconnect timer 8H 
was triggered. The output signal of OR gate 8 is the 
Line Connect Control signal (CTL 90) that controls 
hook-switch simulating switch 7F (FIG. 7). Thus, hook 
switch 7F con-tinues to simulate an off-hook condition 
while the timing interval defined by disconnect timer 
8H is in progress. Also while the signal produced by 
timer circuit 8H is true, a message 2 flip flop 8J is en 
abled to respond to the Message 2 Start/Stop Strobe 
signal (STB 13) which is applied to its toggle input. 
When the STB 13 strobe occurs while the signal pro 
duced by disconnect timer 8H is true, message 2 flip 
flop 8J changes state. The output signal it produces, a 
Message 2 Control signal (CTL 89), controls switch 70 
(FIG. 7) so that a Message 2 Audio signal (AUD 7) is 
gated through by the supervisory station connection 
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controller circuitry 7. Thus, this CTL 89 signal be 
comes true only at the start of a given cycle of message 
2, and only if disconnect timer 8H has initiated the 
sequence of operations for terminating the call connec 
tion path between supervisory station II and monitor 
card 3F. The true-to-faise transition in the signal pro 
duced by OR gate 8 triggers on-hook timer 8E. The 
timing interval provided by on-hook timer 8E is suit 
ably two seconds; this duration is sufficiently long as to 
prevent any ambiguity with a "hook flash" type opera 
tion of a momentary on-hook condition. 
The circuitry of FIG. 8 further includes a group of 

sequencing circuits arranged in tandem between phone 
line flip flop 8D and timer end one-shot 8G. These 
circuits include dial tone one-shot 8K, delay one-shot 
8L, dial one-shot 8M, and activate timer 8N. The output 
of dial tone one-shot 8K is connected to one of the 
inputs of OR gate 8B. Thus, while the signal produced 
by one-shot 8K is true, it forces the Ground Line Con 
trol signal (CTL 86) to be true. This in turn causes 
ground-start simulating switch 7H (FIG. 7) to close 
temporarily, so as to stimulate the source of dial tone to 
provide it before automatic dialing commences. Suit 
ably, dial tone one-shot defines a 0.5 second pulse for 
this purpose. 

Delay one-shot 8L is triggered by the true-to-false 
transition in the pulse signal produced by dial tone one 
shot 8K and defines a delay period sufficiently long to 
allow for the source of dial tone to react and to provide 
the dial tone. Suitably, this delay period is one second. 
The true-to-false transition in the signal produced by 
delay one-shot 8L triggers dial one-shot 8M to force a 
DTMF Dial Control signal (CTL 87) to become true. 
This CTL 87 signal is coupled through diodes to R4 and 
C1 inputs of DTMF generator 7Q. These inputs in com 
bination correspond to the "#" symbol; the parallel 
signals coupled through the diodes initiate the dialing. 
This CTL 87 signal also controls switch 7M (FIG. 7) so 
that the automatic telephone number dialing output 
signal of DTMF generator 7Q is gated through by the 
supervisory station connection controller circuitry 7. 
Suitably, the timing interval defined by dial one-shot 
8M is two seconds. This is long enough for as many as 
twenty-one digits to be produced as the telephone num 
ber to be dialled to reach supervisory station 1I. 
The true-to-false transition in the CTL 87 signal trig 

gers activate timer circuit 8N to start defining a verifica 
tion timing interval, preferably having a maximum du 
ration of 30 seconds. The Q output of activate timer 8N 
produces a Message 1 Control signal (CTL 88). This 
CTL signal controls switch 7N (FIG. 7) to provide for 
selectively gating Message 1 Audio (AUD 6) for trans 
mission by the system. When an supervisor answers the 
call at the called supervisory station, the transmission of 
Message 1 Audio alerts the supervisor that the call has 
been originated by the system, and provides a prompt 
for entry of a code defining the security clearance sig 
nal. 

Activate timer circuit 8N has a clear input that re 
sponds to a DTMF Strobe 0 Key Strobe Signal (STB 
20). This strobe signal is produced by decoder 7S (FIG. 
7) in response to detection of an in-band signal by 
DTMF receiver 7R; this strobe signal is normally false, 
and defines a true pulse if a security-clearance signal is 
provided. This strobe signal is also applied to a disable 
input of an activate abort one-shot 8O which has its 
trigger input connected to the Q output of activate 
timer circuit 8N and which produces a System Initialize 
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Strobe signal (STB30). If the security verification sig 
nal is provided within the maximum time allotted by 
timer circuit N, then the STB 20 signal clears timer 
circuit 8N and at the same time disables one-shot 8O 
from being triggered. If timer circuit 8N completes 
timing out the maximum time it allots, then the true-to 
false transition in the signal it provides on its Q output 
triggers one-shot 8O, thereby causing a true pulse to be 
defined in the STB 30 signal. The occurrence of a true 
pulse in the STB 30 signal, in effect, aborts this sequence 
of events involved in placing a call to a supervisor. It 
does so by resetting all timers, one-shots, and flip flops 
on monitor card 3F. This same resetting function is 
subject to software control. That is, controlling com 
puter 3C issues a command for monitor card 3F to 
perform this resetting function; this command causes 
decoder 9A (FIG. 9) to force the System Initialization 
Control signal (CTL 56) true. Further as to software 
control, controlling computer 3C, as will be explained 
below, provides for counting the number of tries to 
place such a call and causes automatic retries up to a 
maximum number of retries. The maximum number of 
retries can be set as desired from supervisory computer 
3D. 
The circuitry of FIG. 8 further includes an AND gate 

8P, an audio connect flip flop 8O, an OR gate 8R, and 
a message 3 flip flop 8S. AND gate 8P produces a signal 
to control the clear input of disconnect timer 8H, in 
response to two signals, viz, the STB 13 signal and the 
CTL 89 signal. Audio connect flip flop 8O has a set 
input that responds to an Audio On Control signal 
(CTL 68) produced by decoder 9B (FIG.9) in response 
to digitally coded commands issued by controlling com 
puter 3C. The Q output of flip flop 8Q produces the 
Audio Connect Control signal (CTL 91) that controls 
inter-connection switch 7L (FIG. 7). 
As to OR gate 8R, the signal it produces is applied to 

the reset input of flip flop 8Q; this signal is true if and 
only if any one of four signals applied to OR gate 8R is 
true. One of these four signals is an Audio Off Control 
signal (CTL 69) that is produced by decoder 9B (FIG. 
9) in response to digitally coded commands issued by 
controlling computer 3C. Another of these four signals 
is the Message 1 Control signal (CTL 88) produced by 
activate timer 8N. Another of these four signals is the 
Message 2 Control signal (CTL 89) produced by mes 
sage 2 flip flop 8.J. Another of these four signals is the 
Message 3 Control signal (CTL92) produced by mes 
sage 3 flip flop 8S. 
As to Message 3 flip flop 8S, its state is controlled by 

signals (CTL 61 and CTL 62) that are produced by 
decoder 9A (FIG. 9) in response to digitally coded 
commands issued by controlling computer 3C. Message 
3 flip flop 8S produces the CTL 92 signal that controls 
switch 7P (FIG. 7) to provide for selectively gating 
Message 3 Audio (AUD 8) for transmission by the sys 
te. 

With reference to FIGS. 10-13, there will now be 
described circuitry included on audio message card 3G 
which occupies the system slot within row 2 of line 
connection sub-system 1C. The functions audio message 
card 3G performs relate to generation of the four mes 
sages that system 1A automatically transmits at selected 
times. (Three of these messages apply equally to a su 
pervisor or to any attendant; one of them applies specifi 
cally to an attendant at the end of a shift.) To perform 
these functions, audio message card 3G cooperates with 
controlling computer 3C via row bus (2), the system 
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bus, and communications card 3B to receive digitally 
coded commands and to provide status data. The cir 
cuitry on audio message card 3G for decoding digitally 
coded commands is shown in FIG. 12. The circuitry on 
audio message card 3G for applying status data to the 
status bus is shown in FIG. 13. 
Three of the messages that system 1A automatically 

generates and transmits are generated by three identical 
circuit arrangements. FIG. 10 shows such a circuit 
arrangement, and sets out references in general terms 
such as "Channel i.' It should be understood that this 
circuit arrangement is replicated three times such that 
there are in the preferred embodiment a Channel 1, a 
Channel 2, and a Channel 3. Another message, viz, 
Message 4, is generated by a circuit arrangement, 
shown in FIG. 11, that, in most respects except those 
specifically described, is identical to the circuit arrange 
ment of FIG. 10. 
The circuitry shown in FIG. 10 includes an audio 

connect flip flop 10A, a switch 10B controlled by flip 
flop 10A, and a speech processor 10C. In the preferred 
embodiment, speech processor 10C is an OKI 6258 
Solid State Recorder Speech Processor integrated cir 
cuit chip. It handles analog-to-digital and digital-to 
analog conversion, and operates in cooperation with a 
crystal 10D, tuned to 4 MHz in this embodiment. It has 
numerous outputs, including a "DAOUT" output and a 
"V Clock' output which are connected to a low pass 
filter 10E. A buffer amplifier is connected between the 
output of low pass filter 10E and switch 10B. 
Another output of speech processor 10C is "Play 

Mon'; the signal that it produces is a Play-Back Status 
Bit. This signal is buffered and applied to an LED 10F. 
This and two other LED's shown in FIG. 10 are 
mounted on the audio message card 3G so as to provide 
an indication to maintenance personnel for use in servic 
ing the system. Another output of speech processor 10C 
is "Rec Mon'; the signal it produces is a Record Status 
Bit. Another output is "OVF(FST)"; the signal it pro 
duces is an Overload Status Bit. 
Another set of outputs of speech processor 10C are 

connected to a 19-conductor address bus used to propa 
gate addressing signals to a message memory array 
generally indicated at 10G. Eight ROM chips are ar 
ranged in parallel to define this message memory array. 
One at a time of these eight ROM chips is selected by a 
one-out-of-eight select signal produced by a decoder 
10H. The selected ROM chip responds to the address 
ing signal provided by speech processor 10C to apply 
an eight bit byte to a data bus connecting the output to 
the ROM chips to a data input of speech processor 10C. 

Decoder 10H decodes a three-bit wide signal pro 
duced by a latch 10I. The input signals applied to latch 
10I are three parallel bits supplied as part of a command 
word issued by controlling computer 3C, and a control 
signal for latch control which is produced by com 
mand-decoding circuitry shown in FIG. 12. 

Speech processor 10C receives three control signals 
directly from the command-decoding circuitry of FIG. 
12; these are an All Clear Control signal, a Flag Reset 
Control signal, and a Pause Control signal. Speech pro 
cessor 10C receives another control signal from the 
output of an OR gate 10J which responds to a Start/- 
Stop Control signal and a Restart Strobe signal. The 
Start/Stop Control signal is produced by the command 
decoding circuitry shown in FIG. 12. The Restart 
Strobe signal is produced by a one-shot 10K that is 
triggered by a signal produced by one-shot 10L. 
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As stated above, the circuitry shown in FIG. 10 rep 
resents one of three circuit arrangements having identi 
cal construction for handling a respective one of three 
messages the system automatically generates and trans 
mits. The following cross-reference table provides in 
formation about how the command-decoding circuitry 
of FIG. 12 is interconnected to these three circuit ar 
rangements, which are referred to in the table as Chan 
nel 1, Channel 2, and Channel 3. 

Cross-Reference Table Regarding 
Channel 1. Channel 2, and Channel 3 Signals 

Channel C or STB No. 

CTL 98 
CTL 106 
CL 4 
CTL 99 
CL 07 
CTL 5 
CTL 94. 
CTL 102 
CTL 10 
CTL 95 
CL 03 
CL 
CTL 96 
CTL 104 
CTL 2 
CL 97 
CTL 105 
CTL 113 
STB 24 
STB 25 
STB 27 
CTL 30 
CTL 13 
CTL 132 
CTL 134 
CTL 145 
CTL 156 
CTL 135 
CTL 46 
CTL 157 
CTL 136 
CTL 147 
CTL 158 
CTL 137 
CTL 148 
CTL 159 
CTL 38 
C. 49 
CTL 60 
CTL 39 
CTL 150 
CL 61 
CTL 40 
CTL S. 
CTL 162 
CTL 141 
CTL 52 
CTL 63 
AUD 6 
AUD 
AUD 8 
STB 23 
STB 3 
STB 26 
STB 24 
STB 25 
ST 27 
STA 1 
STA 14 
STA 17 
STA 12 
STA 5 
STA 18 
STA 3 
STA 6 
SA 9 
CTL 142 

Signal 
Audio Connect Control 

Audio Disconnect Control 

All Clear Control 

FF 

Flag Reset Control 

Pause Control 

Ap 

Start/Stop Control 
A 

Restart Strobe 

Fr. 

Latch Control 

ROM O Select Control 

ROM Select Control 

A. 

ROM 2 Select Contro 

ROM 3 Select Control 

At 

ROM 4 Select Control 

ROM 5 Select Contro 

F. 

ROM 6 Select Control 

ROM 7 Select Control 

AF 

Message Audio 

Start/Stop Strobe 
p 

Restart Strobe 

FF 

Play Back Status Bit 
A. 

Record Status Bit 

ya 

Overload Status Bit 

Memory Select Control Bit O 
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-continued 

Cross-Reference Table Regarding 
Channell. Channel 2, and Channel 3 Signals 

Channel CTL or STB No. 

CL 153 
CTL 164 
CTL 43 
CTL 154 
CTL 16S 
CTL 44 
CTL 155 
CTL 166 

Signal 
FF 

y 

Memory Select Control Bit 1 

Memory Select Control Bit 2 

As to the fourth kind of message that the system 
automatically generates and transmits, reference is 
made to FIG. 11. The reference numbers used in FIG. 
11 are correlated with those used in FIG. 10 so as to 
indicate circuit elements that are identical. For example, 
audio connect flip flop 11A (FIG. 11) has the same 
construction and operation as audio connect flip flop 
10A (FIG. 10). 
The circuitry of FIG. 11 differs from that of FIG. 10 

in the following respects. First, message memory array 
11G includes a RAM; i.e., it is written into as well as 
read from during normal operation of the system in 
contrast to the all-ROM configuration of message mem 
ory array 10G (FIG. 10). Second, additional outputs of 
speech processor 11C are used in the circuit arrange 
ment of FIG. 11; these are the CAS and RAS outputs 
that are connected to corresponding inputs of a four 
megabyte RAM chip 11M of message memory array 
11G. Third, three of the inputs in speech processor 11C, 
viz, the CA1, CA2, and CA3 inputs, are connected 
differently. In particular, the CA1 input is connected to 
the Q2 output of latch 11 (this being the most signifi 
cant bit of the three bit positions of the latch); the CA2 
input is connected to the output of an AND gate 11N, 
and the CA3 input is connected to the output of an 
AND gate 110. AND gate 11N has two inputs, one 
connected to the most significant of these three bit posi 
tions (Q2), and the other connected to the next most 
significant bit position (Q1). AND gate 110 has two 
inputs, one connected to the most significant of these bit 
positions (Q2), and the other connected to the least 
significant bit position (Qo). The remaining differences 
involve additional circuits for switchably applying an 
audio signal to speech processor 11C so that such audio 
signal can be digitized and stored in the message men 
Ory array 11G. The additional circuits are an audio 
connect flip flop 11P, a switch 11.Q controlled by flip 
flop 11P, a buffer amplifier 11R through which the 
audio signal propagates to switch 11.Q and, while switch 
11.Q is closed, through a low pass filter 11S to an input 
of speech processor 11C. 
With reference to FIG. 12, the command-decoding 

circuitry for audio monitor card includes four decoder 
circuits 12A, 12B, 12C, and 12D, each of which is en 
abled by a pair of enabling signals to decode Bits 0-3 of 
the command word received via the command word 
bus portion of the system bus. One of the enabling sig 
nals is produced by a Schmitt trigger driver circuit 12E 
that responds to the Card Select signal. Another decod 
ing circuit 12F provides four enabling signals, one for 
each decoder 12A-12D. Decoder 12F, while enabled 
by the Card Select signal, decodes Bits 4-6 of the con 
mand word. 
With reference to FIG. 13, the circuitry shown 

therein provides for communicating status data from 
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audio message card 3G to the status bus so that the 
status data can propagate to controlling computer 3C. 
This circuitry includes four tri-state bus drivers 13A, 
13B, 13C, and 13D. 
Having completed the description of the construction 

of the various circuit arrangements of the three system 
- cards, there will now be described, with reference to 
FIGS. 14-22, the construction of a line card. As stated 
above, this specific embodiment of the present inven 
tion has 75 line cards, every one of which has the same 
construction. This modular arrangement is advanta 
geous in numerous respects, particularly for flexibility 
in configuring a system. Any one of the line cards can 
be removed from the rack that houses line connection 
sub-system 1C, for maintenance or the like without 
necessitating a system shut down. Further, the modular 
arrangement is advantageous with respect to system 
expansion; as indicated above, a variety of provisions 
have been made to facilitate any such system expansion. 
This modular architecture is further advantageous in 
that each line card defines a module having its own 
hardware sequencing circuitry such that a sufficient 
number of sequencing functions are controlled at the 
line card level to provide for autonomous operation of 
call extending operations. Thus, even if a power failure 
or other untoward event interrupts the operation of 
controlling computer 3C during a peak period of incom 
ing traffic, each line card can continue to operate to 
extend a sequence of incoming calls. 
To provide an introduction to the construction of a 

line card, there will now be described the functional 
block diagram of FIG. 14. The Tip and Ring lines of an 
incoming phone line are connected to an incoming line 
connection controller 14A. To ensure a sufficient 
power level for audio signals propagated by the phone 
lines, each such incoming phone line is suitably con 
nected to the output of a conventional voice frequency 
repeater VFR (not shown). 
FIG. 14 also shows the Tip and Ring lines of an out 

going phone line and an outgoing line connection con 
troller 14B that is connected to the outgoing phone line. 
An audio selector inter-connection switch 14C is ar 
ranged between controllers 14A and 14B. (Circuitry for 
line connection controllers 14A and 14B and circuitry 
for inter-connection switch 14C are shown in FIG. 15.) 
Switch 14C is connected to a row bus interface which 

includes an audio interface 14D, a decoder for con 
mands and special function inputs 14E, and a tri-state 
bus driver 14F. (Circuitry for audio interface 14D is 
shown in FIG. 16. Command-decoding circuitry 14E is 
shown in FIG. 21. Tri-state bus driver circuitry 14F for 
providing status data is shown in FIG. 22.) 

FIG. 14 indicates, beneath the row bus interface, lines 
labeled "Audio I/O' and "Digital I/O For Command 
And Status' which connect to the row bus. FIG. 14 
shows, above the row bus interface, lines connecting 
the row bus interface to each of the remaining func 
tional blocks of the line card. These include, in addition 
to blocks 14A-4C mentioned above, a traffic node 
controller 14G, a DTMF number generator and register 
14-H, an in-band signal decoder and source discrimina 
tor 14, and a broadcast mode controller 14J. (Circuitry 
that performs functions of traffic mode controller 4G 
is shown in FIG. 19. Circuitry for DTMF generation 
and decoding is shown in FIG. 20.) 
With reference to FIG. 15, there will now be de 

scribed circuitry for implementing connection control 
lers 14A and 14B and inter-connection switch 14C. 
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Circuitry generally indicated at 14A in FIG. 15 per 
forms functions for a station connection controller for 
cooperating with an originating station to form opposite 
ends of a call connection path. This circuitry is imple 
mented by the same components arranged in the same 
way as the circuitry for supervisory station connection 
controller 7 (FIG. 7). Circuitry generally indicated at 
14B in FIG. 15 performs functions for a station connec 
tion controller for cooperating with a multi-purpose 
station to form opposite ends of a call connection path. 
This circuitry is also implemented by the same compo 
nents arranged in the same way as the circuitry for the 
above-mentioned station connection controllers. Inter 
connection switch 14C is implemented by a FET switch 
just as switch 7L (FIG. 7) is, within monitor card 3F. 
As to controller 14A, it includes controllable 

switches and circuitry for producing signals represent 
ing conditions of operation of controller 14A. The con 
trollable switches are an incoming line ground-start 
simulating switch 15A, and an incoming line hook 
switch simulating switch 15B. The circuitry of control 
ler 14A for producing the condition-representing sig 
nals includes a one-shot 15C, and two retriggerable 
one-shots 15D and 15E. One-shot 15D produces an 
Incoming Line Current Status Bit signal (STA2), and is 
responsive to a current detect circuit that is connected 
in the same way that circuit 7G (FIG. 7) is connected 
within the supervisory station connection controller 7. 
Thus, the STA 2 status bit signal it produces is true 
while opposite ends of a call connection path are con 
pleted; in other words, an originating party is off-hook 
and hook switch simulating switch 15B is simulating an 
off-hook condition. One-shot 15E produces an Incom 
ing Line Ring Detect Status Bit signal (STA 3). One 
shot 15E is responsive to a ring detect circuit that is 
connected in the same way that circuit 7 (FIG. 7) is 
connected within the supervisory station connection 
controller 7. Thus, the STA 3 status bit signal it pro 
duces is true while a ring signal is being detected. One 
shot 15C produces an Incoming Line Current Termina 
tion Strobe signal (STB 0), and is triggered by the STA 
2 status bit signal produced by one-shot 15D. 
As to the controller 14B, it includes controllable 

switches and circuitry for producing signals represent 
ing conditions of operation of controller 14B. The con 
trollable switches are an outgoing line hook-switch 
simulating switch 15F, and an outgoing line ground 
start simulating switch 15G. The circuitry of controller 
14B for producing the condition-representing signals 
includes two retriggerable one-shots 15H and 15I. One 
shot 15H produces an Outgoing Line Ring Detect Sta 
tus Bit signal (STAO), and is responsive to a ring detect 
circuit that is connected in the same way that circuit 7I 
(FIG. 7) is connected within the supervisory station 
connection controller 7. Thus, the STA 0 status bit 
signal it produces is true while a ring signal is being 
detected. One-shot 15I produces an Outgoing Line 
Current Status Bit signal (STA 1), and is responsive to 
a current detect circuit that is connected in the same 
way that circuit 7G (FIG. 7) is connected within the 
supervisory station connection controller 7. Thus, the 
STA 1 status bit signal it produces is true while opposite 
ends of a call connection path are completed; in other 
words, a called party such as an attendant is off-hook 
and hook switch simulating switch 15B is simulating an 
off-hook condition. 
As to inter-connection switch 14C, it is connected 

between controller 14A and 14B. One end of switch 
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14C is also connected to a conductor used to propagate 
an Incoming Line Audio signal (AUD 1). The opposite 
end of switch 14C is connected to a conductor used to 
propagate an Outgoing Line Audio signal (AUD 0). 
With reference to FIG, 16, there will now be de 

scribed circuitry for implementing an audio interface 
incorporating audio selection switches. This circuitry 
includes eleven controllable switches 16A-16K, each of 
which is preferably implemented by a FET. Each of 
switches 16A-16C has one end connected to the con 
ductor used to propagate the Incoming Line Audio 
signal (AUD 1). As indicated by the arrangement of 
controllable switches 16A-16C, the Incoming Line 
Audio signal (AUD 1) can be any one of three signals 
depending upon which one, if any, of switches 
16A-16C is closed. The Incoming Line Audio signal 
(AUD 1) will be the Message 4 Audio signal (AUD 9) 
if switch 16A is closed; the Music Audio signal (AUD 
5) if switch 16B is closed; the Monitor Audio signal 
(AUD 4) if switch 16C is closed. 
Each of switches 16D-16K has one end connected to 

the conductor used to propagate the Outgoing Line 
Audio signal (AUD 0). As indicated by the arrangement 
of controllable switches 16D-16K, the Outgoing Line 
Audio signal (AUD 0) can be any one of eight signals 
depending upon which one, if any, of switches 
16D-16K is closed. The Outgoing Line Audio signal 
(AUD 0) will be the Monitor Audio signal (AUD 4) if 
switch 16D is closed; the Music Audio signal (AUD 5) 
if switch 16E is closed; the Message 4 Audio signal 
(AUD 9) if switch 16F is closed; the Message 3 Audio 
signal (AUD 8) if switch 16G is closed; the Message 2 
Audio signal (AUD 7) if switch 16H is closed; the Mes 
sage 1 Audio signal (AUD 6) if switch 16I is closed; the 
Prompt Tone Audio (AUD 3) if switch 16J is closed; 
the DTMF Dial Audio signal (AUD 2) if switch 16K is 
closed. 

Resistors are indicated in FIG. 16 in series with indi 
vidual controllable switches; these resistors provide for 
individually adjusting the sound level of each of the 
various audio signals and, therefore, implement the 
audio interface function indicated in block 14D (FIG. 
14). 
With reference to FIG. 17, there will now be de 

scribed circuitry for controlling the audio selection 
switches. This circuitry includes a monitor flip flop. 17A 
and a monitor side flip flop. 17B, which perform func 
tions involved in selectively propagating audio signals 
between the particular line card and supervisory station 
11. Flip flop. 17A produces the Monitor Status signal 
(STA 6). An audio connect flip flop. 17C produces the 
Audio Connect Control signal (CTL 44) that controls 
inter-connection switch 14C. Audio connect flip flop 
17C is set by a signal produced by an OR gate 17D and 
is reset by a signal produced by an OR gate 17E. 
A message 4 flip flop 17F produces a signal that is 

switched through an option switch 17G. Depending 
upon the setting of 17G, one of two signals is main 
tained at the false logical level by virtue of a resistor and 
the other of the two signals is the same as the signal 
produced by Message 4 flip flop 17F. One of these two 
signals is an Outgoing Line Message 4 Control signal 
(CTL 45) that controls switch 16F (FIG.16). The other 
of these two signals is an Incoming Line Message 4 
Control signal (CTL 46) that controls switch 16A FIG. 
16). 
A message 3 flip flop. 17H is set by a signal produced 

by an OR gate 17I, and is reset by a signal produced by 
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an OR gate 17J, and produces a Message 3 Control 
signal (CTL 47) which, when true, causes switch 16G 
(FIG. 16) to close to propagate the Message 3 Audio 
signal (AUD 8) as the Outgoing Line Audio signal 
(AUD 0). To provide an option whether, when a caller 
hangs up, to play message 3 audio to the attendant, an 
option jumper controls whether the STB 0 signal, 
which is produced by one-shot 15E (FIG. 15), is applied 
to OR gate 17I so as to set message 3 flip flop. 17H when 
incoming line current has terminated. The CTL 47 
signal is also applied to one of the inputs of a NOR gate 
17K. The signal NOR gate 17K produces is an Outgo 
ing Line Music Control signal (CTL 40). It is true if and 
only if every one of the signals applied to its inputs is 
false. Thus, while the CTL 47 signal is true, thereby 
causing the Message 3 audio signal to be propagated, 
the CTL 40 signal is false. While the CTL 40 signal is 
false, switch 16E (FIG. 16) is open, preventing music 
audio from being propagated as the Outgoing Line 
Audio signal. In effect, the Music Audio signal consti 
tutes the default Outgoing Line Audio signal. This is so 
because if none of the other possible audio signals have 
been selected, whereby every input signal to NOR gate 
17K is false, then the Music Audio signal propagates as 
the Outgoing Line Audio signal. 
The control circuitry of FIG. 17 further includes 

AND gates 17L and 17M, and a NOR gate 17N. The 
input signals for AND gate 17L are supplied by the Q 
output of flip flop. 17A and the Q output of flip flop. 17B. 
The signal AND gate 17L produces is an Outgoing 
Line Monitor Control signal (CTL 41) which, while 
true, causes switch 16D (FIG. 16) to close to enable the 
supervisor to confer with a service attendant whose 
multi-purpose station is connected to the line card out 
going line. 
The input signals for AND gate 17M are supplied by 

the Q output of flip flop 17A and the Q output of flip 
flop 17B. The signal AND gate 17M produces is an 
Incoming Line Monitor Control signal (CTL 42) 
which, while true, causes switch 16C (FIG. 16) to close 
to enable the super-visor to confer with a calling party 
whose originating station is connected to the line card 
incoming line. The CTL 42 signal is also applied as one 
of the input signals to NOR gate 17N. The signal NOR 
gate 17N produces is an Incoming Line Music Control 
signal (CTL 43). It is true if and only if every one of the 
signals applied to its inputs is false. Thus, while the CTL 
42 signal is true, thereby causing an inter-connection 
whereby the supervisor can confer with a calling party, 
the CTL 43 signal is false. While the CTL 43 signal is 
false, switch 16B (FIG. 16) is open, thereby preventing 
music audio from being propagated as the incoming line 
audio signal. In effect, the music audio signal constitutes 
the default incoming line audio signal. This is so for the 
same reasons set forth above with respect to the outgo 
ing line audio signal. 
With reference to FIG. 18, there will now be de 

scribed some of the sequencing circuitry provided on 
each line card. A number of the circuits shown in FIG. 
18 have the same construction and operation as circuits 
described above with reference to FIG. 8 concerning 
sequencing circuitry for the monitor card 3F. For ex 
ample, a dial tone one-shot 18K (FIG. 18) has the same 
construction and operation as one-shot 8K (FIG. 8). 
Similar reference numbers are used in FIG. 8 and FIG. 
18 for other such similar circuits (18E, 18G, 18H, 18I, 
18, 18L, 18M, 18N, and 18O). As to on-hook timer 
18E, like on-hook timer 8E, the signal it produces is an 



5,067, 149 
29 

On-Hook Timer Status Bit (STA 5 in the case of on 
hook timer 18E). In addition, this signal is also referred 
to as an On-Hook Strobe signal (STB 2). 
The sequencing circuitry of FIG. 18 further includes 

an off-hook flip flop 18R and an on-hook flip flop. 18S. 
Flip flops 18R and 18S provide for keeping track of the 
pendency of decoded commands, until sequences of 
operation for these commands have been executed. At 
the end of a sequence to disconnect an attendant, on 
hook timer 18E forces the STB 2 signal true temporar 
ily, and this resets on-hook flip flop. 18S. When timer 
end one-shot 18G forces the STB 1 signal true tempo 
rarily, this resets off-hook flip flop. 18R. The sequencing 
circuitry of FIG. 18 further includes an outgoing line 
connect flip flop 18T. Flip flop 18 is set by a signal 
produced by an OR gate 18U, and is reset by a signal 
produced by an OR gate 18V. One of the signals sup 
plied as an input to OR gate 18V is produced by a NOR 
gate 18W. The arrangement of flip flop 18S, NOR gate 
18W, and OR gate 18V defines the conditions under 
which flip flop. 18T will be reset. With respect to the 
setting of flip flop. 18T, the circuitry which defines the 
conditions for setting it are OR gate 18U, an OR gate 
18X, a NOR gate 18Y, and flip flop 18.R. 
When flip flop 18T changes state from its reset state 

to its set state, this initiates a sequence of timing opera 
tions in automatically placing an outgoing call to a 
multi-purpose station, and verifying that the person 
who answers the call at the multi-purpose station is 
authorized to be a service attendant. The details of this 
sequence are described below as part of a description of 
operation in response to a digitally coded command 
issued by controlling computer 3C. Briefly, during this 
sequence, an Outgoing Line Ground Control signal 
(CTL 51), produced by dial tone one-shot 18K, is tem 
porarily forced true, and this causes ground start simu 
lating switch 15G to close temporarily. Also during this 
sequence, an Outgoing Line Connect Control signal 
(CTL 55), produced by OR gate 18I, is forced true, and 
this causes hook switch simulating switch 15F (FIG. 15) 
to close. With switch 15F closed, and switch 15G tem 
porarily closed, dial tone will appear on the outgoing 
line. Then, automatic dialing can proceed. Also during 
this sequence, dial one-shot 18M temporarily forces true 
the DTMF Dial Control signal (CTL 52). While the 
CTL 52 signal is true, switch 16K (FIG. 16) is closed 
and propagates the DTMF Dial Audio signal (AUD 2) 
as the Outgoing Line Audio signal (AUD 0). 
With reference to FIG. 19, there will now be de 

scribed circuitry that performs functions of traffic mode 
controller 14G. This circuitry includes an incoming line 
hardware busy flip flop 19A, the Q output of which is 
connected to an input of an OR gate 19B. An incoming 
line software busy flip flop 19C has its Q output con 
nected to another input of OR gate 19B. If either hard 
ware-busy flip flop 19A or software-busy flip flop. 19C 
is in its set state, then OR gate 19B forces an Incoming 
Line Busy Control signal (CTL 48) true. The Incoming 
Line Busy Control signal (CTL 48) controls ground 
start simulating switch 15A (FIG. 15). An invertor 19D 
responds to the CTL 48 signal and produces an Incom 
ing Line Active Status Bit signal (STA 4). As to the 
setting of hardware-busy flip flop 19A, this is controlled 
by the Incoming Line Current Termination Strobe sig 
nal (STB0) that is produced by one-shot 15C (FIG. 15). 
As to the resetting of flip flop 19A, this is controlled by 
a signal produced by an OR gate 19E. 
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A prompt tone one-shot 19F produces a Prompt 

Tone Control signal (CTL 49) on its Q output. This 
CTL 49 signal controls switch 16J (FIG. 16), and is one 
of the signals that, as shown in FIG. 17, is applied to OR 
gate 17E to reset audio connect flip flop. 17C. The Q 
output of one-shot 19F produces a signal that triggers 
an end tone one-shot 19G. A Prompt Tone End Strobe 
signal (STB 4) is produced by one-shot 19G; it is one of 
the signals that is applied to OR gate 17D (FIG. 17) to 
provide for setting audio connect flip flop 17C. The 
STB4 signal is also applied to a set input of an incoming 
line connect flip flop. 19H that produces an Incoming 
Line Connect Control signal (CTL 50). The CTL 50 
signal controls hook-switch simulating switch 15B 
(FIG. 15). The reset input of flip flop 19H receives a 
signal produced by an OR gate 19. One of the signals 
applied to OR gate 19I is the Incoming Line Current 
Termination Strobe signal (STB 0), which is produced 
by one-shot 15C (FIG. 15). Thus, when a caller hangs 
up, flip flop 19H is reset. 
The attendant remains on the line by keeping the 

multi-purpose station off-hook between incoming calls. 
To alert the attendant who is staying on line that an 
other call is ready to be extended to the attendant's 
multi-purpose station, the prompt tone is propagated 
out via the outgoing line before inter-connection switch 
14C is closed. 
In accord with a particularly preferred feature, each 

line card is controlled to operate in a traffic dependent 
modes of operation. When the length of time between 
incoming calls exceeds the maximum waiting interval 
for that particular line card, as set by the supervisor, the 
line card is commanded so as to disconnect the multi 
purpose station. As soon as the next call is detected, the 
multi-purpose station is re-established as a network 
station as part of the sequence of operations for re 
sponding to an incoming call. 
A standby status flip flop 19J produces a signal that is 

applied to a disable input of prompt tone one-shot 19F. 
An AND gate 19K produces a signal that is applied to 
a trigger input of prompt tone one-shot 19F. The signals 
applied to AND gate 19K are the Outgoing Line Cur 
rent Status Bit (STA 1) and the Incoming Line Ring 
Detect signal (STA3) is true. The STA 1 signal is pro 
duced by one shot 15I (FIG. 15), and is true while a call 
connection path is completed at both ends between the 
system and the multi-purpose station (i.e., the attendant 
is on line). The STA 3 signal is produced by one-shot 
15E (FIG. 15), and becomes true when a ring signal is 
detected, thereby indicating an incoming call needs 
service. 
While standby status flip flop 19J is in its set state, 

prompt tone flip flop 19F is disabled from responding to 
the signal applied to its trigger input. The set input of 
standby status flip flop 19J is connected to the output of 
a gate 19L. The signal that gate 19L produces is true 
while the STA 1 signal is false and the STA 3 signal is 
true. In addition to the role the STA 3 signal plays in 
disabling prompt tone one-shot 19J, the STA3 signal is, 
as shown in FIG. 18, one of the signals applied to OR 
gate 18X. When the STA 3 signal is forced true by 
detection of the ringing signal, this sets outgoing line 
connect flip flop 18T, and thereby initiates a timing 
sequence to call the attendant. 
While standby status flip flop. 19) is in its reset state, 

one-shot 19F is not disabled, and it responds to the 
trigger signal produced by AND gate 19K. When one 
shot 19F responds to the trigger signal, it produces a 
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pulse in the Prompt Tone Control signal (CTL 49). This 
causes switch 16 (FIG. 16) to close temporarily so that 
the Prompt Tone Audio signal (AUD 3) propagates as 
the Outgoing Line Audio signal (AUD 0). This also 
temporarily forces NOR gate 17K (FIG. 17) to produce 
a false logic level in the Outgoing Line Music Control 
signal to prevent music from being propagated out over 
the outgoing line. 
With reference to FIG. 20, there will now be de 

scribed line card circuitry for DTMF number genera 
tion and for in-band signal decoding. This circuitry 
forms part of the circuitry of functional block 14I (FIG. 
14), and includes a decoder 20A, a DTMF generator 
20B, and a DTMF receiver 20O. DTMF generator 20B 
stores a selected telephone number used in placing a call 
to a multi-purpose station. DTMF receiver 20O pro 
vides for receiving and decoding in-band signals for 
security and other purposes. DTMF receiver 20O re 
ceives the Outgoing Line Audio signal (AUD 0), and 
produces a signal on a data valid output when it detects 
the presence of a touch tone pair constituting an in-band 
signal. This output signal is applied to a gate 20D that 
produces a DTMF Data Valid Control signal (CTL 35) 
to control an enable input of decoder 20A. Gate 20D 
also responds to an Internal DTMF Mute Control sig 
nal (CTL 33) that is produced by an AND gate 20E. 
The CTL 33 signal is one of the signals provided to OR 
gate 17E (FIG. 17) to cause audio connect flip flop. 17C 
to reset. While the CTL 33 signal is false, and valid data 
is being produced by receiver 20C, gate 20D enables 
decoder 20A to decode a four-bit parallel coded signal 
produced by receiver 20C. The individual signals form 
ing this coded signal are a DTMF Bus Bit 3 signal (CTL 
36); a DTMF Bus Bit 2 signal (CTL 37); a DTMF Bus 
Bit 1 signal (CTL 38); and a DTMF Bus Bit 0 signal 
(CTL39). Decoder 20A produces the following signals: 
a DTMF D Key Strobe (STB 5); a DTMF 1 Key 
Strobe (STB 6); a DTMF 2 Key Strobe (STB 7); a 
DTMF 3 Key Strobe (STB 8); a DTMF 8 Key Strobe 
(STB9); a DTMF 9 Key Strobe (STB 10); a DTMF 0 
Key Strobe (STB 11); AND a DTMF * Key Strobe 
(STB 12). The "D" key is provided on some special 
4-column touch tone keypads. The STB 5 signal relates 
to this key; it is provided for future expansion and is not 
used in system 1A. 
The STB 6 strobesignal is one of the signals provided 

to OR gate 17I (FIG. 17) to cause message 3 flip flop 
17H to set. The STB 7 strobe signal is one of the signals 
provided to OR gate 17E (FIG. 16) to cause audio 
connect flip flop. 17F to reset. The STB 8 strobe signal 
and the STB 10 signal are among the signals provided to 
OR gate 17D (FIG. 17) to cause audio connect flip flop 
17F to set. The STB 9 strobe signal is one of the signals 
provided to OR gate 18V (FIG. 18) to cause outgoing 
line connect flip flop 18T to reset. The STB 11 strobe 
signal is provided to numerous circuits. As to circuitry 
shown in FIG. 19, the STB 11 strobe signal is one of the 
signals provided to OR gate 19I (FIG. 19) to reset in 
coming line flip flop 19H; it is provided to the reset 
input of standby status flip flop 19J; and it is one of the 
signals provided to OR gate 19E to reset hardware-busy 
flip flop 19A. As to circuitry shown in FIG. 18, the STB 
11 strobe signal is applied to the clear input of activate 
timer 18N and to the disable input of activate abort 
one-shot 18O. As to circuitry shown in FIG. 17, the 
STB 11 strobe signal is one of the signals provided to 
OR gate 17J to cause message 3 flip flop to reset. 
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The circuitry shown in FIG. 20 further includes a 

retriggerable one-shot 20F that produces an External 
DTMF Mute Control signal (CTL34). One-shot 20F is 
clock triggered under control of signals provided by the 
ESt output of receiver 200 and by a delay one-shot 
20G. One-shot 20F is disabled from responding to clock 
triggering while the signal produced by one-shot 20G is 
true. If, after the signal produced by one-shot 20G re 
turns false, the signal produced by the ESt output of 
receiver 20C remains true, then one-shot 20F responds 
to the clock trigger to force the CTL 34 signal true. The 
CTL34 signal is one of the signals provided to OR gate 
17E to cause audio connect flip flop. 17C to reset. Such 
resetting of flip flop 17C is part of an operation to pro 
vide source discrimination. More particularly, when a 
false-to-true transition occurs in a signal produced by 
DTMF receiver 200, thereby indicating that an in-band 
signal is present in the AUD 0 signal, it is initially am 
biguous whether the source of this in-band signal is a 
multi-purpose station or an originating station. How 
ever, because of the operation of one-shots 20G and 20F 
in response to receiver 200, and because of the resulting 
operation of resetting of audio connect flip flop 17C, 
inter-connection switch 14C opens. Continued detec 
tion of the in-band signal after switch 14C opens cannot 
be attributed to an originating station. 
The circuitry shown in FIG. 20 further includes a 

DTMF Test Mode flip flop 20H, and an OR gate 20I. 
The Q output of flip flop 20H produces a signal that is 
provided to AND gate 20E. AND gate 20E produces 
the Internal Mute Control signal (CTL 33), and causes 
it to be true if both the signal it receives from flip flop 
20H and a signal it receives from a Mute output of 
generator 20B are true. The dialing tone-pair signals 
produced by DTMF generator 20B for the purpose of 
placing a call to a multi-purpose station via an outgoing 
line cannot inadvertently be propagated out via an in 
coming line. This is so because the CTL 33 signal, when 
true, causes audio connect flip flop 17C to reset, thereby 
opening inter-connection switch 14C. 
One of the advantageous features resulting from the 

in-band signal decoding is that an attendant can cause an 
incoming call to be disconnected while the attendant 
remains on line to the system. When the attendant taps 
the "O' key on the touch tone pad, the resulting in-band 
signal is decoded by DTMF receiver 20C and decoder 
20A to force the STB 11 signal true. This causes flip 
flop 19H (FIG. 19) to reset, which in turn causes incom 
ing line hook switch 15B to open so as to disconnect the 
inconing call. 
With reference to FIG. 21, there will now be de 

scribed command-decoding circuitry of a line card. 
This command-decoding circuitry includes four de 
coder circuits 2A, 21B, 21C, and 21D, each of which is 
enabled by a pair of enabling signals to decode Bits 0-3 
of the command word received via the command word 
bus portion of the row bus for the row in which the line 
card is used. One of the enabling signals is produced by 
a Schmitt trigger driver circuit 21E that responds to the. 
Card Select signal. 
The circuitry shown in FIG. 21 further includes three 

Schmitt trigger driver circuits 21F, 21G, and 21H, and 
a capacitor 21I. Circuit 21F provides buffering of the 
clock signal for the line card; its output signal is the CK 
signal (CTL 32). Circuit 21G provides buffering of the 
Message 2 Start/Stop Strobe signal for the line card; its 
output signal is the Message 2 Start/Stop Strobe signal 
(STB 13). Circuit 21H provides buffering of the Prompt 
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Tone signal for the line card, and capacitor 21 provides 
DC isolation for the Prompt Tone signal (AUD 3). 
With reference to FIG. 22, there will now be de 

scribed circuitry for providing status data from the line 
card to the row bus. This circuitry includes a four-bit 
latch and tri-state bus driver 22A, a tri-state bus driver 
and multiplexer 22B, and a gate 22C. Driver 22A and 
multiplexer 22B are arranged and operate in almost the 
same way as latch 7U and multiplexer TT (FIG. 7) are 
arranged and operate to provide status data from moni 
tor card 3F. Multiplexer 22B has an "A Enable" control 
input and a "B Enable' control input that receive, re 
spectively, a Status A Control signal (CTL 22) and a 
Status B Control signal (CTL 4). These control signals 
are produced by decoders 21C and 21A (FIG. 21) in 
response to digitally coded commands issued by con 
trolling computer 3C, as explained more fully below. 
There will now be described the manner in which the 

above-described circuitry of a line card responds to 
various digitally coded commands issued by controlling 
computer 3C. As stated above, each such digitally 
coded command has a two byte format, one byte for 
addressing a card, and another byte defining a Com 
mand Word. Controlling computer 3C sends digitally 
coded commands in serial form to UART 6A in com 
munications card 3B. The Command Word is latched 
into latch 6E, applied to the system bus, and applied to 
every row bus by its corresponding bus controller. The 
addressing byte is latched into latch 6D, then decoded 
to select a row and a line card within a row, with the 
result that a Card Select signal (FIGS. 5 and 21) for the 
addressed line card will be forced true. Driver 21E 
(FIG. 21) of the addressed line card enables decoders 
21A-21D to decode the Command Word received from 
the row bus. 
Each of decoders 21A-21D has eight outputs, some 

of which provide spares for system expansion. 
As to the outputs of decoder 21A that are used in 

system 1A, one of these produces a Message 4. On Con 
trol signal (CTL 0). When controlling computer 3C 
issues a digital command to force the CTL 0 signal true, 
this results in setting message 4 flip flop 17F. Depending 
upon the position of option switch 17G, this results in 
either the Outgoing Line Message 4 Control signal 
(CTL 45) or the Incoming Line Message 4 Control 
signal (CTL 46) being forced true. If the CTL 45 signal 
is true, then switch 16F closes, so that the Message 4 
Audio signal is gated through to the outgoing line. If the 
CTL 46 signal is true, then switch 16A closes, so that 
the Message 4 Audio signal is gated through to the 
incoming line. 
On another one of its outputs, decoder 21A produces 

a Message 4 Off Control signal (CTL 1). When control 
ling computer 3C issues a digital command to force the 
CTL 1 signal true, this results in resetting message 4 flip 
flop 17F. Depending upon the position of option switch 
17G, this results in either the Outgoing Line Message 4 
Control signal (CTL 45) or the Incoming Line Message 
4 Control signal (CTL 46) being forced false. Whenever 
the CTL 45 signal is false, switch 16F is open, so that 
the Message 4 Audio will not propagate to the outgoing 
line. Whenever the CTL 46 signal is false, switch 16A is 
open, so that the Message 4 Audio signal will not propa 
gate to the incoming line. 
On another one of its outputs, decoder 21A produces 

a DTMF Test Mode On Control signal (CTL 2). When 
controlling computer 3C issues a digitally coded com 
mand to force the CTL 2 signal true, this results in 
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setting the DTMF Test Mode flip flop 20H. On another 
one of its outputs, decoder 21A produces a DTMF Test 
Mode Off Control signal (CTL 3). When controlling 
computer 3C issues a digitally coded command to force 
the CTL 3 signal true, this results in resetting DTMF 
Test Mode flip flop 20H. 
On another one of its outputs, decoder 21A produces 

a Status B Control signal (CTL 4). The circuitry that 
responds to this control signal also responds to a Status 
A Control signal (CTL 22) produced by decoder 21C. 
When controlling computer 3C issues a digitally coded 
command to obtain Status. A data from an addressed 
line card, decoder 21C forces the Status A Control 
signal (CTL 22) true. In response, multiplexer 22B 
propagates signals from its "A" data inputs to Bits 4-7 
of the Status Bus. Its "A" inputs include Ground Re 
turn, i.e., a false logic value; the Incoming Line Current 
Status Bit signal (STA 2); the Outgoing Line Connect 
Control signal (CTL 55); and the Incoming Line Busy 
Control signal (CTL 48). When controlling computer 
3C issues a digitally coded command to obtain Status B 
data from an addressed line card, decoder 21A forces 
the Status B Control signal (CTL 4) true. In response, 
multiplexer 22B propagates signals from its "B" data 
inputs to Bits 4-7 of the Status Bus. Its "B" inputs in 
clude Ground Return; the Outgoing Line Current Sta 
tus Bit signal (STA 1); the On-Hook Timer Status Bit 
signal (STA 5); and the Monitor Status Bit signal (STA 
6). 
As for Bits 0-3 of a status word provided by an ad 

dressed line card, latch 22A has an enable input that 
responds to the Status A Control signal (CTL 22). 
When controlling computer 3C issues a digitally coded 
command to obtain Status A data from monitor card 
3F, decoder 21C forces the Status A Control signal 
(CTL 22) true. In response, latch 22A propagates sig 
nals from its data inputs to Bits 0-3 of the Status Bus. Its 
data inputs are the four parallel output signals of re 
ceiver 20A, i.e., the CTL 36, CTL 37, CTL 38, and 
CTL 39 signals. Latch 22A copies these signals when 
ever the output signal of gate 22C is forced true by the 
DTMF Data Valid Control signal (CTL 35) being true 
while the Status A Control signal (CTL 22) is false. 
On another one of its outputs, decoder 21A produces 

a Hardware Un-Busy Control signal (CTL 5). Some of 
the line card circuitry that is controlled by this control 
signal is also controlled by an Un-Busy Incoming Line 
Control signal (CTL 11) produced by decoder 21B. In 
fact, one command of the command repertory forces 
each of the CTL 5 and CTL 11 signals true. The Acti 
vate attendant command is issued to change the status 
of the line card to "Activate' when the line card has 
been in an standby or deactivate condition. (Check the 
use of the word mode throughout the whole patent.) 
(Check the parallelism in going from standby or deacti 
vated status to activate status throughout the whole 
patent.) When the CTL 5 signal is forced true, this 
ensures that incoming line hardware busy flip flop 19A 
is in its reset state. This is a necessary but not a sufficient 
condition to cause ground start simulating switch 15A 
to be open. With the CTL 11 signal forced true, this 
ensures that incoming line software busy flip flop. 19C is 
in its reset state. With each of flip flops 19A and 19C in 
their reset state, the CTL 48 signal must be false, 
thereby ensuring that ground start simulating switch 
15A is open. 
As to other outputs of decoder 21B that are used in 

system IA, one of these produces a System Initialize 
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Control signal (CTL 8) that performs the same resetting 
function for a line card that the CTL 56 signal performs 
for monitor card 3F. Another one of the outputs of 
decoder 21B is an Outgoing Line Off Hook & Dial 
Control signal (CTL9). When controlling computer 3C 
issues a digitally coded command to force the CTL 9 
signal true, this results in setting off-hook flip flop 18R, 
which remains in its set state until completion of execu 
tion of operations required by this command. While flip 
flop. 18R is set, the signal its Q output produces is false. 
This is a necessary condition for the signal produced by 
NOR gate 18Y to be true. The other necessary condi 
tions are that three other signals must also be false. 
These three signals are the Incoming Line Current Sta 
tus Bit signal (STA 2), the Outgoing Line Current Sta 
tus Bit signal (STA 1), and the On-Hook Timer Status 
Bit signal (STA 5). 
The STA 2 signal being false indicates that no call is 

in progress on the incoming line. The STA 1 signal 
being false indicates that no call is in progress on the 
outgoing line. The STA 5 signal being false indicates 
that a minimum threshold time period has passed since 
outgoing hook-switch 15F opened, thereby providing a 
basis for distinguishing a hook-switch flash within a 
single call from the termination of one call and the start 
of another. 
When all these necessary conditions prevail, the sig 

nal produced by NOR gate 18Y forces OR gate 18U to 
set Outgoing Line Connect flip flop. 18T. In response, 
OR gate 18I forces the CTL 55 signal to be true, and 
this signal causes outgoing line hook-switch 15F to 
close, thereby simulating an off-hook telephone. Also, 
the false-to-true transition in the signal produced by the 
Q output of flip flop. 18T triggers dial tone one-shot 
18K. As a result, a pulse is defined in the signal pro 
duced by one-shot 18K. This signal has multiple func 
tions, and is referred to as the Outgoing Line Ground 
Control (CTL 51) signal because it controls outgoing 
line ground-start switch 15G, and is also referred to as 
the Redial Preset Strobesignal (STB3) because it con 
trols the memory strobe input of DTMF generator 20B. 
In particular, it prepares generator 20B to initiate dial 
ing upon receipt of an ensuing input of parallel signals 
representing the "#' symbol. 
The pulse in the CTL 51 signal temporarily closes 

outgoing line ground-start switch 15G for approxi 
mately one-half second to stimulate generation of dial 
tone. The pulse in the STB 3 signal forces OR gate 17E 
to reset audio connect flip flop. 17C. This ensures that 
the Audio Connect Control signal (CTL 44) is false, and 
thereby ensures that inter-connection switch 14C is 
open while a call is being placed via the outgoing line. 
At the end of this pulse, its true-to-false transition 

triggers delay one-shot 18L to allow sufficient time to 
ensure that dial tone is provided. At the end of the 
approximately one-second long delay defined by one 
shot 18L, a true-to-false transition in the signal it pro 
duces triggers dial one-shot 18M. The signal one-shot 
18M produces is a DTMF Dial Control signal (CTL 
52). It is coupled through diodes to the R4 and C inputs 
of generator 20B. These inputs in combination corre 
spond to the "#" symbol; the parallel signals coupled 
through the diodes initiate the dialing, which is com 
pleted before the end of the approximately two-second 
long delay provided by one-shot 18M. The true-to-false 
transition in the CTL 52 signal also triggers activate 
timer 18N to initiate its timing interval of up to a maxi 
mum of 30 seconds. 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

36 
The signal produced by the Q output of activate timer 

18N is the Message 1 Control signal (CTL 53) that 
controls switch 16. While the CTL 53 signal is true, 
switch 16 is closed, and the Message 1 Audio signal 
(AUD 6) is applied to the outgoing line. The CTL 53 
signal is also applied to the trigger inputs of timer end 
one-shot 18G and activate abort one-shot 18O. The 
true-to-false transition in the CTL 53 signal always 
triggers (regardless of whether it occurs at the end of 
the maximum time-out period of 30 seconds or before) 
timer end one-shot 18G. Thus, a true pulse is defined in 
the Activate Timer End Strobesignal (STB 1) in either 
case. On the other hand, the true-to-false transition in 
the CTL 53 signal triggers activate abort one-shot 18O 
only if the STB 11 signal has remained false throughout 
the full 30 seconds, and accordingly has not disabled 
activate abort one-shot 18O. 
On another one of its outputs, decoder 21B produces 

an Outgoing Line On Hook Control signal (CTL 10). 
This signal sets flip flop. 18S, which remains in its set 
state until completion of execution of operations re 
quired by this command. With respect to this command, 
consider a situation prevailing at the end of a shift. If 
any attendant from the shift is continuing to confer with 
an incoming caller, it is desirable to await the end of that 
conversation before terminating the call connection 
path to that attendant. When the call in progress at the 
time of issuance of this command ends, the STA 2 signal 
becomes false. Then, because flip flop. 18S is set (there 
fore the signal produced by its Q output is false), and the 
STA 2 signal is false, NOR gate 18W produces a true 
signal, causing OR gate 18V to reset outgoing line con 
nect flip flop 18T. This starts the sequence involved in 
disconnecting the call connection path to the attendant. 
This sequence entails playing message 2 within the 
overall time allotted by disconnect timer 18H, and, 
finally, when the CTL 55 signal becomes false at the 
end of message 2, it causes hook-switch simulating 
switch 15F to simulate an on-hook condition. The trig 
gering of disconnect timer 18H enables message 2 flip 
flop 18J to be toggled by the next ensuing false-to-true 
transition in the Message 2 Start/Stop Strobe signal 
(STB 13), which is produced by driver circuit 21G. The 
signal produced by message 2 flip flop 18J is the Mes 
sage 2 Control signal (CTL 54). While the CTL 54 
signal is true, switch 16H is closed and propagates the 
Message 2 Audio signal (AUD 7) as the Outgoing Line 
Audio signal (AUD 0). The next false-to-true transition 
in the STB 13 signal causes AND gate 18P to clear 
disconnect timer 18H and simultaneously toggles mes 
sage 2 flip flop. 18.J. 
On another one of its outputs, decoder 21B produces 

a Busy Incoming Line Control signal (CTL 12). Con 
trolling computer 3C issues this command to exercise 
software control over the incoming line; more particu 
larly, when this command is decoded, incoming line 
software busy flip flop 19C is set. While flip flop 19C is 
set, the CTL 48 signal produced by OR gate 19B must 
be true, and accordingly ground start simulating switch 
15A must be closed. Controlling computer 3C exercises 
this software control as part of a software sequence for 
loading a phone number and placing a call to the multi 
purpose station identified by that phone number. As 
part of this software sequence, controlling computer 3C 
issues a command to cause decoder 21D to force the 
Phone Number Memory Strobe Control signal (CTL 
30) true. While true, the CTL 30 signal forces OR gate 
20I to provide a memory strobe to DTMF generator 
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20B. Further as part of this software sequence, control 
ling computer 3C issues a series of commands to load a 
phone number. Each of the commands in this series 
causes each of decoders 21C and 21D to force true one 
of the signals it produces. For example, to load the digit 
"9,' controlling computer 3C issues a command to 
force both the DTMF Number Dial R3 Control signal 
(CTL 18) and the DTMF Number Dial C3 Control 
signal (CTL 26) true. More generally, to load any digit, 
controlling computer 3C issues a command to cause 
decoders 21C and 21D to force one of the CTL 16, 
CTL 17, CTL 18, and CTL 19 signals true, and one of 
the CTL 24, CTL 25, CTL 26, and CTL 27 signals true. 
After issuing this series of commands to load the series 
of digits of the phone number into DTMF generator 
20B, controlling computer 3C issues the command that 
causes decoder 21B to initiate the off-hook and dial 
sequence that begins with the CTL 9 signal becoming 
tle. 

Controlling computer 3C relentlessly monitors the 
status of each line card by issuing commands to retrieve 
status A and status B words. This relentless monitoring 
is a process that is independent of, and in parallel with, 
the above-described sequence of operation. Based on 
the retrieved status data, controlling computer 3C com 
municates via modem phone line 3E with supervisory 
computer 3D to provide data used to update the dis 
played status report. For example, when controlling 
computer 3C finds that a transition has occurred from 
one of three signals being true, that one being the CTL 
48 signal, to all three signals being true, the three being 
the CTL 48, CTL 55, and STA 1 signals, then control 
ling computer 3C sends data to supervisory computer 
3D to cause the color for the corresponding line card to 
change from blue to magenta. 

Further as part of this independent and parallel pro 
cess, controlling computer 3C recognizes the occur 
rence of the encoded security-clearance signal (i.e., the 
parallel bits of CTL 36-CTL 39). After this is recog 
nized, controlling computer 3C issues the command to 
cause the CTL 11 signal true. This resets flip flop. 19C. 
As to the matter of retries, controlling computer 3C 

monitors the STA 1 and the CTL 55 signals. If transi 
tions occur in these signals (from true to false), then 
controlling computer 3C increments its count of tries, 
and, if the incremented count is less than a pre-set num 
ber, initiates another try to complete a call with an 
attendant. 
On others of its outputs, decoder 21B produces an 

Outgoing Line Fast Disconnect Control signal (CTL 
13), and an Outgoing Line Fast Connect Control signal 
(CTL 14). With respect to these decoded commands, 
consider a sequence of operations carried out under 
software control to transfer a call from one attendant to 
another. At the outset of such a transfer, there is already 
a call in progress. Accordingly, the following signals 
are true: the STA 1 signal and the CTL 55 signal (in 
combination, this indicates a call connection path is 
complete on the outgoing line); and the STA 2 signal 
(this indicates a call connection path is complete on the 
incoming line). 
Under these conditions, controlling computer 3C 

issues a command to monitor the incoming line by caus 
ing decoders 21C and 21D to force the CTL 21 and 
CTL 28 signals true. The CTL 21 signal, while true, 
resets monitor side flip flop 17B (FIG. 17). The CTL 28 
signal, while true, sets monitor flip flop. 17A (FIG. 17). 
Next, controlling computer 3C issues a command to 
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cause decoder 21A to force the CTL 2 signal true. This 
sets flip flop 20H and this in turn disables the internal 
mute so as to allow DTMF decoder 20A to decode 
internally generated DTMF signals. Having established 
this condition, controlling computer 3C issues a com 
mand to cause decoders 21C and 2D to force the CTL 
16 and CTL 25 signals true so as to simulate a digit "2" 
at the input of DTMF generator 20B. In response, 
DTMF generator 20B produces a DTMF signal corre 
sponding to the digit "2." This DTMF signal is received 
via receiver 200, and is decoded by decoder 20A so that 
the STB 7 signal becomes true. The STB 7 signal causes 
OR gate 17E to reset audio connect flip flop 17C, 
thereby opening inter-connection switch 14C. At this 
point, the supervisor can confer with the incoming 
caller, and the attendant on the outgoing line has been 
isolated from the incoming line. 

Having established this condition, controlling com 
puter 3C issues a command to cause decoder 21B to 
force the CTL 13 signal true. This causes OR gate 18V 
to reset outgoing line connect flip flop 18T. This in turn 
causes disconnect timer 18H to initiate the sequence of 
operations described above for playing message 2 and 
then disconnecting the call connection path to the atten 
dant. 

Controlling computer 3C monitors status data, as 
described above, to determine that the disconnection 
has occurred and that sufficient time has passed to go 
off hook and dial. This determination is based on moni 
toring three signals: the on-hook timer status signal 
(STA 5); the STA 1 signal; and the CTL 55 signal. 
When all three of these signals have become false, con 
trolling computer 3C proceeds to download a phone 
number by the series of commands described above. 
This downloaded phone number identifies the tele 
phone of a transferee attendant. 

Next, controlling computer 3C issues a command to 
cause decoder 21B to force the Outgoing Line Fast 
Connect Control signal (CTL 14) true. While true, the 
CTL 14 signal causes OR gates 18X and 18U to set flip 
flop 18T. This initiates the hardware sequence of plac 
ing the call to the transferee attendant. Simultaneously, 
the CTL 14 signal causes OR gate 17I to set message 3 
flip flop 17H to force the CTL 47 signal true. This 
disables activate timer 18N. Thus, although the sequen 
tial operation of one-shots 18K, 18L, and 18M is the 
same as described above, activate timer 18N does not 
respond to triggering in this transfer sequence. As a 
result, the message 1 control signal (CTL 53) remains 
false; further, neither one-shot 18G nor one-shot 18O is 
triggered. 
When the security-verification signal for a transferee 

attendant is received, the STB 10 signal is forced true, 
and this causes OR gate 17J to reset flip flop. 17H. As a 
result, the CTL 47 signal returns to its normal false 
value. Simultaneously, the STB 10 signal causes AND 
gate 17D to set audio connect flip flop 17C. Thus, at the 
end of this transfer sequence, the call on the incoming 
line is connected through inter-connection switch 14C 
to the outgoing line connected to the transferee's multi 
purpose station, and the monitor audio is connected to 
the incoming line. 
To connect the monitor audio to the outgoing line, 

controlling computer 3C issues a command to force the 
CTL 20 signal true. This sets monitor side flip flop. 17B. 
Decoder 21D also produces a Monitor Off Control 

signal (CTL 29) in response to a digitally coded com 
mand issued by controlling computer 3C. The CTL 29 
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signal has two functions. One of these functions is to 
reset monitor flip flop. 17A. While monitor flip flop 17A 
is in its reset state, AND gates 17L and 17M force the 
CTL 41 and CTL 42 signals false, so that both switch 
16C and switch 16D are open, whereby neither the 
incoming line to the particular line card, nor the outgo 
ing line from the particular line card is connected to 
supervisory station 11. The second function of the CTL 
29 signal is to cause OR gate 17D to set audio connect 
flip flop. 17C. This function is involved when a supervi 
sor has completed a conversation with an incoming 
caller while inter-connection switch 14C is open. When 
the Monitor Off Control signal is received, it forces 
inter-connection switch 14C to close, so that the incom 
ing caller can resume conferring with an attendant. 
There will now be described, with reference to 

FIGS. 24 to 28, other representative human-readable 
status reports that are displayed to the supervisor on the 
screen of video display terminal 1F. The ensuing de 
scription of these displayed status reports brings out 
how the supervisor is prompted to use either mouse 1G 
alone, or mouse 1G and keyboard 1H, in interactively 
performing a series of steps to effect a selection and 
every sub-selection needed to enter a supervisory com 
mand. 

In FIG. 24, the triangular-shaped mouse cursor ap 
pears in the main menu selection line, next to the "Con 
trol" menu item. The supervisor has selected this item 
on the main menu selection line by moving mouse 1G to 
position the mouse cursor next to the "Control' item 
and clicking the button on the mouse. As one result of 
this selection, the "Control' item is highlighted to indi 
cate that it has been selected. The highlighting is indi 
cated in FIG. 24 by a single-line box surrounding the 
"Control' item. As another such result, there appears in 
FIG. 24 a pull-down menu, which is associated with this 
selected main menu item and which is surrounded by a 
double-line box. This pull-down menu presents the fol 
lowing seven sub-selections: "Activate'; "Standby'; 
"Deactivate"; "Busy”; “Unbusy"; "Transfer'; and “Ini 
tialize.' The presentation of these seven sub-selections 
prompts the supervisor to proceed to select one of these 
seven sub-selections by appropriately positioning the 
mouse cursor, and then clicking the mouse button. 
FIG. 25 shows the top of the displayed status report 

after the supervisor has selected the "Activate” sub 
selection. As one result of this selection, the "Activate' 
sub-selection is highlighted; this is indicated in FIG. 25 
by a single-line box surrounding the "Activate” sub 
selection. As another such result, there appears in FIG. 
25 a pull-out menu, which is associated with the "Acti 
vate” sub-selection and which is surrounded by a single 
line box. This pull-out menu in the preferred embodi 
ment presents the following three preset timer options: 
"Timer No. 1"; "Timer No. 2"; "Timer No. 3". The 
presentation of these three options prompts the supervi 
sor to proceed to a step to select one of these options. 
By selecting the "Timer No. 1" option, the supervisor, 
in this instance, would select a preset maximum waiting 
interval between calls of two minutes and 30 seconds. 
By selecting Timer No. 2, the maximum waiting inter 
val would be 30 seconds, or by selecting Timer No. 3, 
the maximum waiting interval would be 10 seconds. 

Modification of the three preset time values to any 
defined time is an option on a pull-down menu dis 
played as a result of a selection of "Config" on the main 
menu selection line, as shown at the top of FIG. 25. 
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FIG. 26 shows a pull-out menu as a result of selection 

of Timer No. 1 in FIG. 25. By selecting the “All" op 
tion, the supervisor completes the steps of assigning 
Timer No. 1 to all of the line cards. The "Random' 
option enables the supervisor to position the mouse 
cursor to any arbitrary one of the matrix of 75 line card 
representing elements, click the mouse button and 
thereby identify that line for use in activating an atten 
dant. By doing so, the supervisor completes the steps 
for entering the maximum wait interval supervisory 
command applicable to the identified line card. If the 
supervisor wants to enter a maximum wait interval 
supervisory command applicable to another line, this 
can be done in the same way without repeating all the 
steps starting from selecting "Control' from the main 
menu selection line. As to the line "18' option, line card 
18 happens to be the current line card. That is, it is the 
line card corresponding to the box framed by the dis 
play pointer (FIG. 23) at the time the supervisorse 
lected the "Control' item on the main menu. Any line 
card can similarly be the current line card and be so 
indicated as part of this pull-out menu. In any case, the 
selection of this option completes the steps for entering 
a Supervisory command to cause the current line card to 
execute the sequence of operations involved in placing 
a call, i.e., activating an attendant. The "Cancel' option 
is chosen if for example the supervisor had erroneously 
selected the "Activate” sub-selection or the "Control' 
item. It is also chosen when the supervisor has entered 
the last of a series of commands from the random selec 
tion. 
The pull-out menu that appears to the right of the 

"Activate' sub-selection in FIG. 25 will also appear to 
the right of each of the first five other selected sub 
selections within the pull-down menu. Thus, the super 
visor can choose to standby or deactivate every atten 
dant, each of the series of individually identified atten 
dants, or the attendant servicing the line card such as 
line card 18 that is the currently selected line card. The 
same is true for causing the busying or un-busying of the 
incogning lines to the line cards, and for initializing the 
line cards. 
On the main menu selection line, the supervisor can 

also select "Shift" or "Time' or "Config" or "Moni 
tor." The "Config' selection, has an associated menu 
(not separately shown) for prompting the supervisor to 
complete the steps involved in entering a change con 
figuration command. The options of this menu are to 
change parameters that are global to the system, so 
there is no need for an additional pull-out menu to 
prompt for line card identification. These global or 
system level parameters include ringthrough time, ring 
through length, number of retries, and an emergency 
telephone number. A ringthrough is a period during the 
day for which it is projected that incoming traffic will 
be relatively high so that it is desirable to have atten 
dants on line and ready to answer and service incoming 
calls immediately. 
For some applications of system IA, it will be the case 

that incoming traffic volume will vary in a somewhat 
cyclical basis during the day: that is, there will be a 
period of low-volume incoming traffic; followed by 
periods in which inconing traffic rises rapidly, then 
remains high for awhile, then trickles down to a low 
volume; then the cycle will repeat again albeit not nec 
essarily with a fixed period. Although variable, the 
incoming traffic can generally be predicted within rea 
sonable limits. Accordingly, the projected ringthrough 
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times can be stored in records on disk and loaded into 
supervisory computer 3D. For each projected ring 
through, these records specify a real time used in deter 
mining when to start a ringthrough, and an interval used 
in determining when to end the ringthrough. The super 
visor can issue a supervisory command to override any 
projected value. 
FIG. 27 shows the upper portion of displayed status 

report in which the supervisor has clicked on "Phone' 
and is being prompted to enter a new phone number 
using the DTMF pad displayed using a mouse to click 
on the various digits needed. A new phone number can 
also be entered by keyboard entry. Through use of this 
feature, an attendant who had been scheduled to answer 
and service calls from one nulti-purpose station, for 
example at home, can answer and service calls from 
another station, for example, the phone at the home of 
someone the attendant is visiting that day. 

FIG. 28 shows a top portion of a displayed status 
report, in which a pull-down menu appears as a result of 
the selection of "Shift' from the main menu selection 
line. In this pull-down menu, the sub-selections avail 
able are: "Load Shifts'; and "Edit Shift.” The shift disk 
is a conventional floppy disk, pre-recorded with all 
necessary data for a series of shifts for a week. This data 
include name, phone number, and a Boolean field indi 
cating the attendant either to be a primary attendant 
assigned to a particular line card or to be an auxiliary 
attendant to be in a pool available to be called if the 
need arises. 
The above-described displayed status reports are 

generated by supervisory computer 3D under program 
control, based in part on status data provided to super 
visory computer 3D from controlling computer 3C. As 
stated above, in the presently preferred embodiment, 
each of supervisory computer 3D and controlling com 
puter 3C is a personal computer. Each uses a conven 
tional disk operating system for performing a variety of 
low level functions under control of an application 
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computer 3D and controlling computer 3C may be 
written in any of numerous suitable languages. It is 
preferred that a compiled program rather than an inter 
pretive program be used, for speed of execution, partic 
ularly with respect to matters such as rewriting the 
screen. A compiled program written in PASCAL has 
ample speed for this application. 
With reference to the flow charts of FIGS. 29-34, 

there will now be described the internal operations of 
supervisory computer 3D. Three main processes are 
carried out on an independent and essentially parallel 
basis by supervisory computer 3D under program con 
trol. To this end, the programming of supervisory com 
puter 3D uses non-preemptive multi-tasking techniques 
to achieve the effect of timesharing among these three 
processes. 
The flow chart of FIG. 29 depicts the major opera 

tions of one of these three processes, which concerns 
communications between supervisory computer 3D and 
controlling computer 3C. It will be recalled that each of 
supervisory computer 3D and controlling computer 3C 
has a modem, and the two modems are interconnected 
by modem phone line 3E. Suitably, data are transferred 
between these two computers in packets. Each such 
packet has a standard header format, preceding a vari 
able length record. In accord with standard techniques, 
the header includes bytes for a check sum and for the 
length of the ensuing variable length record. Various 
and sundry detailed operations are involved in assem 
bling such packets, in establishing communication pa 
rameters for the modems, and in serially providing 
bytes to the modems. Providing for these and similar 
detailed operations are routine matters and are subordi 
nate to the broader matters covered in FIG. 29 and the 
remaining flow charts. 
The following PASCAL-language declarations set 

out constants that, in the application program for super 
visory computer 3D, are referred to in operations to 
communicate supervisory commands from supervisory 

program. The application programs for supervisory 40 computer 3D to controlling computer 3C: 

{Communications-related packets.} 
Const 

COMMPREFIX as S80; 
ACKCMD = $81; 
NAKCMD = $82; 

Telephone number packets.} 
Const 

TELENUMLPREFIX = $90, 
GETTELENUMLCMD = $90, 
SETTELENUMCMD = S91; 
BLOCK TELENUM-CMD = S98; 

The line controlling commands.) 
Const 

ALL LINES = S7F: 
LINECRL PREFX = SAO; 
ACT OPER CMD = SA0; 
SBYOPERCMO = SA1; 
DEACOPERCMD = SA2; 
BUSY CALLERCMD as SA3; 
UNBUSY CALLERCMD = $A4; 
INT CARDCMD = SA5; 

(Monitor-related commands.) 
Const 

MONITOR PREFIX = SB0; 
MONITOR-CALLERCMD = SB0; 
MONITOR OPERCMD = SBi; 

(Parameter-changing commands...} 
Const 

PARAMPREFIX = SC0; 
SETRETRY.CMD = SCO; 
SETEMERNUMCMD s: SC; 
SETNPACMD = SC2; 

(High 4-bits of a comm command.} 
(Acknowledge packet receipt.} 
(Error in packet communications.} 

(High 4-bits of telenum command.) 
(Get phone number Controller.) 
{Set number in Controller.) 
{Set numbers for a row.} 

(For commands on all lines.) 
(High 4-bits of line cont. cmd. 
{Activate attendant(s).} 
(Standby attendant(s).} 
(Deactivate attendant(s).} 
{Make caller side(s) busy. 
(Make caller side(s) unbusy.} 
(Initialize line card(s).} 

(High 4-bits of monitor command.} 
(Monitor the caller side.) 
(Monitor the attendant side.) 

(High 4-bits of parameter cmd.} 
{Set dialing retry count.} 
(Set emergency transfer number.) 
Set the local area code.} 
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-continued 
SET LOCAL-ACS-CMD = SC3; (Set the local access numbers.} 
GET READYCMD = SC8; (Get dialing retry count.} 
GET EMER NUM, CMD = SC9; {Get emergency transfer number. 
GETNPACMD = SCA; (Get the local area code.) 
GET LOCAL-ACS-CMD = SCB; Get the local access numbers...} 

(Emergency and help servicing commands.) 
Const 

EMERHELP PREFIX = SD0; {High 4-bits of emer/help cmd.} 
TRANSFEREMER-CMD = SD0; {Transfer caller to emer number.) 
HELPSERVICED-CMD = SD1; Signal the help as serviced.} 
EMER SERVICED-CMD = SD2; Signal the emer as serviced.) 

(For the status.) 
Const 

STATUS PREFX = SFO; {High 4-bits of status/dump cmd. 
STATUS.CMD = SFO; (Returned status command.) 
MULTISTATUS.CMD = SFl; Dump up to 75 new statuses...} 
UPDATESUPERCMD = SF2; Update the supervisor.) 
POLLING CMD = SF3; Poll the C. Comp. for packets.} 

In block 29A of FIG. 29, supervisory computer 3D 
determines whether any supervisory command is to be 20 tinued 
sent to controlling computer 3C. Block 29A is in accord aCe 
with a convention used throughout the flow charts in SUNBUSY se 6; E. side of the line is 

a- - o Sc. 

which a diamond-shaped block indicates a control SSBY = 7: The card is in standby status...} 
structure for controlling the flow of operations. A cor- S-UNKNOWN = 3; The card is in unknown con 
responding programming control structure is an "if 25 dition.) 
then-else' control structure. As to supervisory con- S_NOCARD = 9, (There s no card in the given 
mands, the programming of supervisory computer 3D (High nibble position. 
includes conventional OS driver programming and concerns other 
associated programming that provides for determining status matters...} 
when and which supervisory command has been en- 30 Const 
tered by the supervisor. Further, conventional circular SEMER = 16; isney request for the 
queue managing programming is included to provide a S.HELP = 32; A help request for the given 
list of entered supervisory commands and to provide line. 
head and tail pointers to the list. If the tail pointer ex- S-CANCEL = 48; Tip or ener request is can 

ce 

ceeds the head pointer by more than one (modulo the 35 S.TFERRED = 64; {The energency call has been 
number of cells provided by the circular queue) then transferred.) 
there are supervisory commands waiting in the queue to SNOOPER = 80; The oper. didn't respond in 
be sent to controlling computer 3C. retry limit.} 

If there is a supervisory command to send, the flow S. REFUSED = 96; Tattendant refused further 
proceeds to block 29B in which supervisory computer 40 - 
3D sends a supervisory command to controlling com 
puter 3C and waits for either an "acknowledge38 or a 
"no acknowledge.' In block 29C, supervisory com 
puter 3D determines whether a "no acknowledge' has 
been returned and, if so, re-enters block 29B. Otherwise, 
the flow proceeds to a block 29D, which entails moving 
in the circular queue to the next supervisory command 
to send, and then looping back to re-enter block 29A. 

If within block 29A it is determined that there is no 
supervisory command to send, the flow proceeds to 
block 29E in which supervisory computer 3D deter 
mines whether to poll for status data. 
The following PASCAL-language declarations set 

out constants that, in the application program for super 
visory computer 3D, are referred to in operations to 
receive status data from controlling computer 3C: 

Status byte returned from the controlling computer 3C.} 
(Low nibble concerns screen colors...} 
Const 

S-DIALING = 1; {Card is trying to reach an atten 
dant} 

SUNREADY = 2; (Attendant is not ready for in 
coming calls.) 

SREADY = 3; Attendant is ready and waiting 
for calls.} 

SCIP = 4; {There is a call in progress on 
the line.} 

SBUSY = 5; The caller side of the line is 
busied.) 
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If no such polling si to be conducted, the flow returns 
to block 29A. Otherwise, the flow proceeds to block 
29G in which supervisory computer 3D gets a status 
packet or an acknowledge packet from controlling 
computer 3C. Next, the flow proceeds to bock 29G, in 
which supervisory computer 3D determines whether a 
status packet has been received. If not, the flow returns 
to block 29A. Otherwise, the flow proceeds to block 
29H, in which supervisory computer 3D updates the 
displayed status report in accord with the data provided 
by controlling computer 3C in the received status 
packet. In the presently preferred embodiment, the 
colors of the boxes are controlled by screen attribute 
bytes stored in the screen buffer. The following PAS 
CAL-language constant declarations apply to these 
attribute bytes: 

{The colors of the line card status boxes 
Const 

DALNG COLOR = SOD; (Light matten 
danta/black 

NOTREADYCOLOR = SOC; Light red/black) 
READYCOLOR = SOE; Yellow/black) 
CALLCOLOR = SO2; Green/black) 
MADE BUSYCOLOR = SO9; (Light blue/black} 
MADEUNBUSYCOLOR s: S06; (Brown/black) 
STANDBY COLOR = $07; (Grey/black} 
NOCARD-COLOR = 500; (Black/black) 
FLASH COLOR = $80; Makes a color 
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-continued 
flash 

Thus, there is no need to keep a separate table in 
supervisory computer 3D of status data, by line card, 
with respect to status matters such as dialing or not, 
ready or not, and the like. Next, the flow proceeds to 
block 29I, in which supervisory computer 3D makes 
appropriate changes in emergency and help queues, 
these being first-in, first-out variable length lists kept in 
memory. Next, controlling computer 3D in block 29J 
makes appropriate changes to a database it maintains for 
statistical purposes. This database comprised records in 
which are kept various statistics such as number of calls, 
number of dropped calls and the like. The following 
PASCAL-language type declaration applies to each 
database record in supervisory computer 3D; 

Type 
OpStat-Type = array . . . 75 of record 

op-calls, calls per ringthrough 
op-drops, drops per ringthrough 
last stat, (last status, recorded for later comparison 

in computing length of call} 
{time of receipt of last status-secs) 
time of receipt of last status-hrs/mins) 
{time of receipt of last status-day of wk.} 

oper-scind, 
oper-time, 
oper dofw 

:Integer; 
end; 

The operations depicted in FIG. 29B relate to auto 
matic features for originating calls to auxiliary atten 
dants when the need arises to do so. As stated above, 
data are pre-recorded on a shift disk to provide the 
names, phone numbers, and other information concern 
ing persons who have been scheduled to serve as either 
primary attendants or in a pool of auxiliary attendants. 
As a result of loading such a shift disk, there is produced 
in the memory of supervisory computer 3D a list of 
entries. Each such entry includes a name, a phone num 
ber, a designation as to primary attendant or auxiliary 
attendant, and a designation as to active or inactive. 

If an attendant is scheduled to be a primary attendant, 
but either does not respond when called, or refuses 
calls, it is desirable to replace that attendant with an 
auxiliary attendant on an automatic basis without re 
quiring intervention by the supervisor. 
The operations relating to this automatic feature in 

volve, as indicated in block 29K, determining whether 
an attendant has refused calls. To provide an indication 
to the system of the decision to refuse calls, a person 
can, while on line to the system, use the touch tone 
keypad on the multi-purpose station to initiate the gen 
eration of a predetermined in-band signal. Upon detec 
tion of this predetermined signal and communication of 
its receipt within a status packet, supervisory computer 
3D can proceed to perform appropriate functions with 
out manual intervention by the supervisor. 

If an attendant did not refuse calls, the flow proceeds 
to block 29L. In block 29L, supervisory computer 3D 
determines whether an attendant did not answer. If an 
attendant did not answer, the flow proceeds to block 
29M in which supervisory computer 3D updates the list 
to mark the attendant's entry to indicate the attendant is 
absent. 

If an attendant refuses calls, the flow proceeds from 
block 29K to block 29N, in which supervisory com 
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46 
puter updates the list to mark the attendant's entry to 
indicate the attendant has refused calls. 

After either block 29M or block 29N, the flow pro 
ceeds to block 290, in which supervisory computer 3D 
determines whether any auxiliary attendants are avail 
able to replace a candidate attendant. If not, the flow 
proceeds to block 29P in which supervisory computer 
3D updates the list to mark the attendant's entry to 
indicate the attendant is inactive. Otherwise, the flow 
proceeds to block 29Q, in which supervisory computer 
3D updates the list by replacing the attendant's entry 
with an available auxiliary attendant's entry. Next, the 
flow proceeds to block 29R, in which supervisory com 
puter 3D marks the auxiliary attendant's entry to indi 
cate that the attendant is no longer available in the pool. 
Next, the flow proceeds to block 29S, in which supervi 
sory computer 3D determines whether further process 
ing is needed with respect to status data for other line 
cards reported in the status packet being processed. If 
so, the flow loops back to re-enter block 29K; other 
wise, it loops back to re-enter block 29A. 
With reference to the flow chart of FIG. 30, there 

will now be described the operations of a second of the 
independent processes, this process being for real-time 
timing and automatic functions. In block 30A, supervi 
sory computer 3D determines whether the time or date 
has changed (i.e. by a sufficient increment, which for 
real-time clock purposes is one second). If not, the flow 
loops back to re-enter block 30A. This loop has the 
characteristics of a "repeat-until' programming control 
structure. Upon exiting this repeat-until loop, the flow 
proceeds to block 30B, in which supervisory computer 
3D causes a new time and, if necessary, a new date to be 
displayed (see FIG. 23, e.g., for the location within the 
displayed status report where date and time are dis 
played). Next, the flow proceeds to block 30C in which 
supervisory computer 3D determines whether a ring 
through is in progress. If not, the flow proceeds to 
block 30D where supervisory computer 3D determines 
whether 15 seconds or less time remains before the next 
projected ringthrough. If not, the flow loops back to 
re-enter block 30A. Otherwise, the flow proceeds to 
block 30E, in which supervisory computer 3D deter 
mines whether shift data have been downloaded for the 
ringthrough. If not, the flow proceeds to block 30F, 
then to block 30G; otherwise, the flow proceeds to 
block 30G directly. In block 30F, shift data are down 
loaded. That is, data that have been pre-recorded on 
disk and read into memory of supervisory computer 3D 
are sent to controlling computer 3C. In block 30G, 
supervisory computer 3D determines whether the time 
has arrived to start the ringthrough. If so, the flow 
proceeds to block 30H then loops back to re-enter block 
30A; otherwise, the flow loops back directly. In block 
30H, the ringthrough is started by placing calls to all 
attendants in a shift for the ringthrough. 

If it is determined in block 30C that a ringthrough is 
in progress, the flow proceeds to block 30I in which 
supervisory computer 3D determines whether the time 
has arrived to end the ringthrough. If not, the flow 
loops back to re-enter block 30A. If it has, the flow 
proceeds to a block 30J in which supervisory computer 
3D ends the ringthrough by cooperating with control 
ling computer 3C to disconnect all the attendants, then 
proceeds to block 30K in which supervisory computer 
3D finds and sets the next shift and ringthrough time 
and then loops back to re-enter block 30A. 
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With reference to FIG. 31, there will now be de 
scribed the operations of a third of the three indepen 
dent processes, this process being for the user interface. 
In block 31A, supervisory computer 3D determines 
whether the supervisor has issued a request, through 
either the keyboard or the mouse. As stated above, 
conventional mouse driver programming is included 
within the software for supervisory computer 3D. 
Through reference to a combination of variables that 
are controlled by such mouse driver programming, 
supervisory computer 3D makes the determination 
whether a request is pending. If no request is pending, 
the flow loops back to re-enter block 31A. This loop has 
the characteristics of a "repeat-until' programming 
control structure. Upon exiting this repeat-until loop, 
the flow proceeds through a series of test blocks that 
correspond to a programming "case" control structure 
within a loop such that the flow re-enters block 31A. In 
the case of a request to change the line card which is 
being monitored, the flow proceeds from block 31B to 
block 31C. The display pointer described above with 
reference to FIG. 23 indicates to the supervisor which 
line card is providing monitor audio to supervisory 
Station 11. A variable keeps track of which one of the 
line cards is being monitored. When the supervisor 
wants to change the line card being monitored from a 
first line card to a second line card, the supervisor 
moves the mouse to position the mouse cursor so that it 
is placed next to the box for the second line card, and 
then clicks the mouse button. This constitutes a request 
to which supervisory computer 3D responds by updat 
ing the above-mentioned variable to identify the second 
line card, and by repositioning the display pointer, and 
so forth, to change the line card being monitored. Su 
pervisory computer 3D further responds to the request 
by sending supervisory commands to controlling con 
puter 3C to cause it to send digitally coded commands 
to the first and second line cards to disable the monitor 
audio on the first line card and to enable it on the second 
line card. In the case of a request to send a supervisory 
command to controlling computer 3C, the flow pro 
ceeds from block 31D to block 31E. The operations of 
block 31E are described below with reference to FIG. 
32. In the case of a request for a configuration com 
mand, the flow proceeds from block 31F to block 31G. 
The operations of block 31G are described below with 
reference to FIG. 33. 

In the case of a request for a shift command, the flow 
proceeds from block 31H to block 31I. The operations 
of block 31I are described below with reference to FIG. 
34. 
With reference to FIGS. 32A and 32B, there will 

now be described the operations for processing a super 
visory command to be sent to controlling computer 3C. 
These operations begin in block 32A, are entered from 
block 31D (FIG. 31), and exit to block 31A (FIG. 31). 
The flow proceeds through a series of test blocks that 
correspond to a programming "case' control structure. 
FIG. 32A shows that, in the case of a command to 
initialize one or more lines, the flow proceeds from 
block 32A to block 32B, in which at least one line card 
is initialized. For each line card that is initialized during 
block 32B, supervisory computer 3D sends supervisory 
commands to controlling computer 3C, and it in turn 
sends digitally coded commands to the line card to be 
decoded by decoders 21A-21D described above. These 
initialization commands place the line card in a prede 
termined state, in which both the circuitry for the in 
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48 
coming line station connection controller and the cir 
cuitry for the outgoing line station connection control 
ler are off hook and busy. Further, status records main 
tained in a status file in controlling computer 3C are set 
to correspond to this predetermined state. This status 
file is discussed below with reference to FIG. 35, the 
flow chart for the outer loop of operation of controlling 
computer 3C. 

In the case of a supervisory command to busy one or 
more line cards, the flow proceeds from block 32C to 
block 32D. As indicated in the pull-down menu shown 
in FIG. 24, "Busy" is one of the sub-selections available 
in the pull-down menu beneath the "Control' main 
menu item. Further, because the pull-out menu that is 
presented upon clicking on "Busy" presents options as 
to all, random, etc., one or more line cards can be identi 
fied by the supervisor to be placed in a busied-out con 
dition. For each such line card, supervisory computer 
3D and controlling computer 3C cooperate to cause the 
ground start simulating switch on the line card to close 
to busy-out the incoming line. 

In the case of a supervisory command to unbusy one 
or more line cards, the flow proceeds from block 32E to 
block 32F. As indicated in the pull-down menu shown 
in FIG. 24, "Unbusy' is one of the sub-selections avail 
able. Further, because the pull-out menu that is pres 
ented upon clicking on "Unbusy' presents options as to 
all, random, etc., one or more line cards can be identi 
fied by the supervisor to be placed in an unbusy condi 
tion. For each such line card, supervisory computer 3D 
and controlling computer 3C cooperate to cause the 
ground start simulating switch on the line card to open, 
to unbusy the incoming line. 

In the case of a supervisory command to deactivate 
one or more lines, the flow proceeds from block 32G to 
block 32H, and, if all lines are to be disconnected, 
through blocks 32 and 32.J. If one or more but not all 
the lines are to be deactivated, the flow proceeds from 
block 32H to block 32K. As indicated in the pull-down 
menu shown in FIG. 24, "Deactivate' is one of the 
sub-selections available beneath the "Control' main 
menu item. Further, because the pull-out menu that is 
presented upon clicking on "Deactivate" presents op 
tions as to all, random, etc., one or more line cards can 
be identified by the supervisor to be deactivated. For 
each such line card, supervisory computer 3D and con 
trolling computer 3C cooperate to cause the circuitry 
for the station connection controller for the outgoing 
line to deactivate the attendant. If all attendants have 
been so deactivated, in block32J, supervisory computer 
3D finds and sets the next shift and ringthrough time. 
With reference to FIG. 32B, in the case of a supervi 

sory command to activate one or more lines, the flow 
proceeds from block 32L to 32M, and if one or more but 
not all of the lines are to be activated, to block 32N. As 
indicated in the pull-down menu shown in FIG. 24, 
"Activate' is one of the sub-selections available in the 
pull-down menu beneath the "Control' main menu 
item. Once the command to "Activate' one or more 
lines has been given, the time delay or maximum wait 
ing interval for that line or lines has to be chosen. Fur 
ther, because the pull-out menu that is presented upon 
clicking on "Activate' presents options as to all, ran 
dom, etc., one or more line cards can be identified to 
have a call placed to an attendant. For each such line 
card, supervisory computer 3D and controlling com 
puter 3C cooperate to cause the circuitry for the outgo 
ing line station connection controller to go off hook and 
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dial an attendant and retry if necessary until a security 
verification signal is received. If all lines are to be acti 
vated, the flow proceeds from block 32N to block 32P, 
in which supervisory computer 3D determines whether 
shift data have been downloaded. If not, the flow pro 
ceeds to block 32O, in which supervisory computer 3D 
downloads shift data for this ringthrough. Either after 
block 32O, or if it is determined in block 32P that shift 
data have already been downloaded, the flow proceeds 
to block 32R, in which supervisory computer 3D starts 
the ringthrough by activating all the attendants. 
As indicated in the pull-down menu shown in FIG. 24 

"Standby' is one of the sub-selection available in the 
pull-down menu beneath the "Control' main menu 
item. Any lines which the supervisor wishes to place on 
standby status can now be specified through the pull 
out menu that is presented on clicking on "standby,' 
such as the "All,' "Random,' etc. One or more line 
cards can be identified as being placed on "standby' 
status. Once the command to "standby' to place lines in 
the "standby' status then the time delay or maximum 
waiting interval between calls can be chosen or reset. 
For each such line card, supervisory computer 3B and 
controlling computer 3C cooperate to cause the cir 
cuitry for the station connection control for the outgo 
ing line to drop the attendant off the network and to 
mark the status for that line card and attendant as being 
on "standby.' An attendant on standby means that he is 
scheduled and available to take calls but is not on-line or 
networked through the system until the next incoming 
call on that line is detected, at which point the system 
would automatically activate that attendant and net 
work him. If all attendants are to be placed on standby, 
the flow proceeds from block 32U to 32W in which 
supervisory computer 3D determines whether shift data 
has been downloaded. If not, the flow proceeds to block 
32X in which supervisory computer 3D downloads 
shift data for this ringthrough. After block 32X, or if it 
has been determined in block 32W that shift data have 
already been downloaded, the flow proceeds to block 
32Y, in which supervisory computer 3D starts the ring 
through by putting all the attendants on standby. 
With reference to FIG. 33, there will now be de 

scribed the operations for processing system configura 
tion commands. These operations begin in block 33A, 
are entered from block 31F (FIG. 31), and exit to block 
31A (FIG. 31). The flow proceeds through a series of 
test blocks that correspond to a programming "case' 
control structure. The configuration commands include 
commands affecting the displayed status report and 
commands affecting global or system level parameters. 
As indicated in FIG. 23, the main menu line includes 
items for "Shift," "Config,” and for "Monitor." These 
configuration commands affect the displayed status 
report and are involved in the operations depicted in 
FIG. 33. 

In the case of a configuration command to change the 
monitor line side, flow proceeds from block 33A to 33B. 
In block 33B, supervisory computer 3D determines 
whether the caller side or the attendant side is being 
monitored. If the caller side is being monitored, the 
flow proceeds to block 33C. In block 33C, supervisory 
computer 3D cooperates with controlling computer 3C 
to switch to monitor the attendant side of the line. Oth 
erwise, supervisory computer 3D enters block 33D, in 
which supervisory computer 3D and controlling con 
puter 3C cooperate to cause the monitor audio to be 
connected to the caller side of the line. 
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With reference to FIG. 33, the configuration com 

mands involved in the operations depicted in FIG. 33 
are those associated with the main selection line upon 
clicking on "Config" (FIG. 23). In the case of a change 
of ringthrough length, the flow proceeds from block 
33E to block 33F, in which the ringthrough length may 
be set within limits between one and thirty minutes, as 
determined by the supervisor's entry of the value using 
the mouse. In the case of a change configuration com 
mand to change the ringthrough time, the flow pro 
ceeds fron block 33G to block 33H, in which the ring 
through time is set to a time within limits between one 
and thirty minutes, as determined by the supervisor's 
entry of the time using the mouse. In the case of a 
change configuration command to change the ener 
gency number, the flow proceeds from block 33 to 
block 33J in which the telephone number for an emer 
gency operator, keyed in by the supervisor using the 
keyboard, is sent to controlling computer 3C. 

In the case of a change configuration command in 
which the supervisor is setting a new number of retries, 
the flow proceeds from block 33K to block 33L, in 
which the number of retries is set to a number within 
limits between one and five times, as determined by the 
supervisor's entry of the number using the mouse. 
With reference to FIGS. 34A and 34B, there will 

now be described the operations involved in processing 
shift and attendant commands that the supervisor enters 
in response to prompting by the displayed status report 
shown in FIG. 28. These operations begin in block 34A, 
are entered from block 31H (FIG. 31), and exit to block 
31A (FIG. 31). This flow of operations involves a series 
of tests that correspond to a "case' programming con 
trol structure. In the case of a supervisory command to 
load a shift disk, the flow proceeds from block 34A to 
block 34B, and if a disk is present in the disk drive, to 
block 34C. If no disk is present in the disk drive, the 
flow proceeds to block 34D, in which supervisory con 
puter 3D causes an error message to be displayed and 
then loops back to re-enter block 34B. Accordingly, a 
looping action occurs until such time as the correct disk 
is placed in the disk drive. Eventually when a shift disk 
is found present in block 31C so that flow proceeds to 
block 34C, supervisory computer 3D gets a list of shifts 
on the disk, and in block 34E reads each shift so listed 
from the disk. In the case of a supervisory command to 
change the current shift (resulting from clicking on 
"Shift” on the left side of the display of FIG. 28), the 
flow proceeds from block 34F to block 34G, in which 
the supervisor selects a new shift from available 
choices. In the case of a supervisory command to cancel 
an attendant, flow proceeds from block 34H to block 
34I, in which the supervisor selects each attendant to 
cancel. Following block 34I, the flow proceeds to block 
34J in which supervisory computer 3D determines 
whether an auxiliary attendant is available to replace 
the attendant being cancelled. It makes this determina 
tion on the basis of reference to the list of pooled auxil 
iary attendants. If so, flow proceeds to block 34K in 
which the attendant is replaced with an auxiliary atten 
dant. Then in block 34L, supervisory computer 3D 
marks its records to indicate the auxiliary attendant is 
no longer available to be assigned to another line card. 
In other words, the auxiliary attendant is deleted from 
the pool. On the other outcome of the test effected in 
block 34J, the flow proceeds to block 34M, in which 
supervisory computer 3D marks its records for the 
cancelled attendant as being inactive. 
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With reference to FIG. 34B, in the case of a supervi 
sory command to cancel an auxiliary attendant, the flow 
proceeds from block 34N to blocks 340 and 34P, in 
which supervisory computer 3D prompts the supervi 
sor to select the auxiliary attendant to cancel, and then 
marks the record for the auxiliary attendant as no 
longer available to be assigned to a line card. In the case 
of a supervisory command to toggle an attendant as 
active, the flow proceeds from block 34Q to block 34R 
and then to block 34S. In block 34R, an attendant is 
selected, and in block 34S, supervisory computer 3D 
determines whether this selected attendant is active. If 
so, supervisory computer 3D marks its record for that 
attendant as being inactive; if not, supervisory computer 
3D marks the record for attendant as being active. 
These occur in blocks 34T and 34U, respectively. In the 
case of a supervisory command to change the phone 
number for the current shift, the flow proceeds from 
block 34V to blocks 34W and 34X, in which the super 
visor selects the attendant and then enters the telephone 
number. 
With reference to FIGS. 35 through 63, there will 

now be described the internal operations of controlling 
computer 3C in responding to supervisory commands 
sent to it from supervisory computer 3D and in cooper 
ating with supervisory computer 3D to control line 
connection control system 1C. 
FIG. 35 shows a flow chart for the overall outer loop 

of operations carried out by controlling computer 3C. 
In block 35A of this outer flow, controlling computer 
3C initializes itself. Following initialization, controlling 
computer 3C enters its main outer loop which begins in 
block 35B, in which controlling computer 3C reads 
commands from, and writes status data to, supervisory 
computer 3D via modem. Following block 35B, con 
trolling computer 3C enters block 35C to determine 
whether an incoming command has arrived. If so, the 
flow proceeds to block 35D, in which the command 
from supervisory computer 3D is processed. The opera 
tions involved in block 35D are described below with 
reference to FIG. 36. If no incoming command has 
arrived, the flow proceeds from block 35C to block 
35E, in which controlling computer 3C scans the line 
cards for status changes. The operations involved in 
block 35E are described below with reference to FIG. 
45. Following block 35E the flow proceeds to block 
35F, in which controlling computer 3C processes status 
changes and sends them to supervisory computer 3D. 
The operations involved in block 35F are described 
below with reference to FIG. 46. The flow proceeds to 
loop back from block 35F to re-enter block 35B. 
As to the status of the line cards, controlling com 

puter 3C maintains an array of database records, with 
each database record in the array containing numerous 
fields of data relating to a respective line card. 
The following PASCAL-language type declarations 

apply to such fields and to variables referenced in the 
application program for controlling computer 3C: 

State Type = (NO-CARD, {There is no card present.} 
CALL, {Card in normal call state.} 
TFER-CALL, (Card in transfer call state. 
STANDBY); (Card in standby state.} 

Status-Type = (HUNG-UP, {Waiting for 2-sec delay off. 
IDLE, {Waiting for connect signal.} 
DALING, (Waiting for attendant 

response.} 
READY, {Waiting for incoming call.) 
C-I-P, {Call in progress. 
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-continued 

NOT READY, Waiting for att, reacti 
vation.) 

CIP HU, {Attendant hung up on call 
in progress. 

CIPI, {Attendant disconnected on 
call in progress...} 

WAITNOOP, Waiting for attendant to 
drop.) 

TFERRED) {Call is transferred.) 
Req Type = (NONE, No emergency or help re 

quest pending. 
EMER, (Emergency request is 

pending. 
HELP); {Help request is pending. 

TNum. Type s string (14; 
Line RecType = record 

state: State-Type; The state of the card. 
status: Status-Type; The sub-state of the 

card. 
waiting, (For one more scan for 

status.) 
busy, {Line is hardware or 

software busied.) 
calling, (Are we calling with 

this card.} 
sw-busy: Boolean; (Are we software-busied 

on this card. 
req: Req Type; {Any help/ener re 

quests pending.) 
tnum: TNum. Type; {The telephone num 

ber. 
retries, {Number retry attempts 

on this card.} 
present, (Card present counting 

flag.) 
al,a2, {The status. A for the 

line.} 
b,b2,: Integer; The status B for the 

line.} 
end; 
Lines. Type = array. . . . MAX-LINES) of Line. RecType: 
Changer. RecType = record 

line.no, {Line number of change, 
0-no change.) 

Wa, The new status 
byte A. 

new-b: Integer; {The new status 
byte B. 

end; 
War 

Scan. Line Number, The line number we 
are scanning.) 

Cur. Mon. Side, (Which side of the line 
we are currently nomi 
toring.} 

Cur-Mon-Line: Integer; The line we are cur 
rently monitoring.) 

Dumping: Boolean; (Are we dumping the in 
ternal database.} 

Local Access, {Number(s) to exit local 
PBX. 

Local-Area-Code, {The local area code.} 
Emer-Tele-Num:TNum. Type; The emergency transfer 

number.) 
Noof. Retries: Integer; {Retry attendant how 

many times.} 
Lines: Lines.--Type; The line database.} 
Changer InBuf: The buffer from Scan 

ner to Changer.) 
Changer RecType; 

Changer. Buf: Bufl28; The internal buffer for 
Changer.) 

With respect to the database records, the foregoing 
declarations define the fields and the possible values for 
each field. The possible values for the state field are 
those listed in parentheses in the declaration of "State . 
Type"; that is, the possible values are NO-CARD or 
CALL or TFER-CALL or standby. The possible 
values for the status field are those listed within paren 
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theses in the declaration of "Status-Type"; that is, 
HUNG-UP through TFERRED. The possible values 
for each of the waiting field, the busy field, the calling 
field, and the sw-busy field are Boolean; that is, either 
true or false. The possible values for the req field (re 
ferred to below as the request field) are those listed 
within parentheses in the declaration of "Req-Type'; 
that is, NONE or EMER or HELP. The possible values 
for the timum field include any string up to fourteen 
characters long. The possible values for the remaining 
fields, viz, the retries, present, al, a2, b1, and b2 fields, 
include any integer. 
With reference to FIG. 36, there will now be de 

scribed the operations for processing supervisory com 
mands received from supervisory computer 3D. These 
operations begin in block 6A, are entered from block 
35C (FIG. 35), and exit to block 35E (FIG. 35). These 
operations involve a series of tests that correspond to a 
"case' programming control structure. In the case of a 
supervisory command to set or retrieve a phone num 
ber, the flow proceeds from block 36A to block 36B, in 
which controlling computer 3C services incoming tele 
phone number commands. The operations involved in 
doing this are described below with reference to FIG. 
37. In the case of a line control command, the flow 
proceeds from block 36C to block 36D, in which con 
trolling computer 3C services line control commands. 
The operations involved in doing this are described 
below with reference to FIG. 38. In the case of a moni 
tor command, the flow proceeds from block 36E to 
block 36F, in which controlling computer 3C services 
monitor control commands. The operations involved in 
doing this are described below with reference to FIG. 
41. In the case of a configuration command, the flow 
proceeds from block 36G to block 36H, in which con 
trolling computer 3C services the configuration com 
mand. The operations involved in doing this are de 
scribed below with reference to FIG. 42. In the case of 
a help or emergency command, the flow proceeds from 
block 36 to block 36J, in which controlling computer 
3C services the help and emergency commands. The 
operations involved in doing this are described below 
with reference to FIG. 43. 
With reference to FIG. 37, there will now be de 

scribed the operations involved in servicing incoming 
commands that affect telephone numbers. These opera 
tions begin in block 37A, are entered from block 36A 
(FIG. 36), and exit to block 35E (FIG.35). These opera 
tions involve a series of tests that correspond to a "case' 
programming control structure. In the case of a Get 
phone number command, the flow proceeds from block 
37A to block 37B, in which controlling computer 3C 
copies the current number for the line card (from the 
database record for the line card) into the internal queue 
to transmit to supervisory computer 3D. In the case of 
a Set phone number command, the flow proceeds from 
block 37C to block 37D, in which controlling computer 
3C copies the phone number from the command buffer 
into the database record for the line card. In the case of 
a Set a row of phone numbers command, the flow pro 
ceeds from block 37E to blocks 37F and 37G. In these 
blocks, controlling computer 3C finds the beginning 
and ending numbers for a row of line cards and, for each 
such line card, sets the telephone number in the data 
base record for the line card. 
With reference to FIG. 38, there will now be de 

scribed the operations for servicing line control com 
mands. These operations begin in block 38A. The flow 
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enters block 38A from block 36C (FIG. 36) and exits to 
block 35E (FIG. 35). In block 38A, controlling com 
puter 3C finds the first and last line card numbers for the 
command. In the case of an activate attendant com 
mand, the flow proceeds from block 38B to block 38C, 
in which controlling computer 3C carries out opera 
tions described below with reference to FIG. 39. In the 
case of a standby attendant command, the flow pro 
ceeds from block 38D to block 38E, in which control 
ling computer 3C carries out operations described 
below with reference to FIG. 63. In the case of a deacti 
vate attendant command, the flow proceeds from block 
38F to 38G, in which controlling computer 3C carries 
out the operations described below with reference to 
FIG. 40. In the case of a busy caller supervisory com 
mand, the flow proceeds from block 38H to block 38I, 
in which controlling computer 3C issues a 
HW BUSY-CALLER command (which corresponds 
to CTL 12 in FIG. 21) to each line card affected by the 
supervisory command and marks the database record 
for each such line card as software busy. In the case of 
an Unbusy caller supervisory command, the flow pro 
ceeds from block 38J to block 38K, in which control 
ling computer 3C issues the HW SW COND-BUSY 
command (which corresponds to CTL 11 in FIG. 21) to 
each line card affected by the supervisory command 
and marks the database record for each such affected 
line card as software unbusy. In the case of a card ini 
tialize supervisory command, the flow proceeds from 
block 38L to block 38M, in which controlling computer 
3C issues the HW INITIALIZE command (which 
corresponds to CTL 8 in FIG. 21) to each line card 
affected by the supervisory command, and, for each 
affected line card, sets the fields of the database record 
for the line card to default values. 
With reference to FIG. 39, there will now be de 

scribed the operations for servicing a supervisory com 
mand to use at least one line card to activate an atten 
dant. These operations begin in block 39A, are entered 
from block 38B (FIG. 38), and exit to block 35E (FIG. 
35). In block 39A, the time delay, maximum waiting 
interval between calls, is set for this particular line. In 
block 39B, controlling computer 3C issues a 
HW-BUSY-CALLER command to busy the caller 
side of the line. Thereafter, the flow proceeds to block 
39B in which controlling computer 3C disconnects the 
current attendant, if any, with an HW-ON HOOK 
command, (which corresponds to CTL 10 in FIG. 21). 
Next, the flow proceeds to block 39D, in which control 
ling computer 3C determines whether there is a phone 
number for this line. If so, controlling computer 3C 
downloads the telephone number in block 39E, then in 
block 39F issues an HW OFF HOOK DIAL corn 
mand (which corresponds to CTL 9 in FIG. 21) to 
cause the line card to place a call. Next, the flow pro 
ceeds to block 39G, in which controlling computer 3C 
sets the calling field of the database record for the line 
card to true. 
With reference to FIG. 40, there will now be de 

scribed the operations for servicing a supervisory com 
mand to use at least one line card to deactivate an atten 
dant. These operations begin in block 40A, are entered 
from block 38D (FIG. 38) and exit to block 35E (FIG. 
35). In block 40A, controlling computer 3C issues a 
HW-BUSY-CALLER command to busy the incom 
ing line. Next, in block 40B controlling computer 3C 
issues a HWON HOOK command to deactivate the 
current attendant from the outgoing line for the card. 
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Next, in block 40C controlling computer 3C sets the 
calling field of the database record for the line card to 
false. 
With reference to FIG. 41, there will now be de 

scribed the operations for servicing supervisory com 
mands to control monitor audio. These operations begin 
in block 41A, are entered from block 36E (FIG. 36) and 
exit to block 35E (FIG. 35). In block 41A, controlling 
computer 3C determines whether the supervisory com 
mand requires monitoring a different line card. If so, the 
flow proceeds to block 41B, in which controlling con 
puter 3C issues a HWMON-OFF command (which 
corresponds to CTL 29 in FIG. 21) to disable the moni 
tor on the current line card, and then proceeds to block 
41C. In block 41C, controlling computer 3C determines 
whether to monitor the attendant side of the line card. If 
the attendant side of the line card is to be monitored, the 
flow proceeds to block 41D, in which controlling com 
puter 3C issues a HW-MON-OPER command (which 
corresponds to CTL 20 and CTL 28 in FIG. 21) to 
cause the line card to connect the monitor audio to the 
attendant side of the line card. Otherwise, the flow 
proceeds to block 41E, in which controlling computer 
3C issues a HWMON CALLER command (which 
corresponds to CTL 21 and CTL 28 in FIG. 21) to 
monitor the caller side of the line card. Next, the flow 
proceeds to block 41F, in which controlling computer 
3C updates variables to reflect which line card is the 
current line card for monitoring and which side of the 
line card is being monitored. 
With reference to FIGS. 42A and 42B, there will 

now be described the operations for servicing configu 
ration commands. These operations begin in block 42A, 
are entered from block 36G (FIG. 36), and exit to block 
35E (FIG.35). In the case of a supervisory command to 
set the number of retries, the flow proceeds from block 
42A to block 42B, in which controlling computer 3C 
sets the number of retries. In the case of a Set emer 
gency transfer number, the flow proceeds from block 
42C to block 42D, in which controlling computer 3C 
sets the emergency number for the transfers. In the case 
of a command to Set local area code, the flow proceeds 
from block 42E to block 42F, in which controlling 
computer 3C sets the local area code. In the case of a 
Set local PBX exit code, the flow proceeds from block 
42G to block 42H, in which controlling computer 3C 
sets digits to exit the local PBX to access outside lines. 
With reference to FIG. 42B, in the case of a corn 

mand to Get number of retries, the flow proceeds from 
block 42 to block 42J, in which controlling computer 
3C puts the number of retries in the internal queue for 
transmission to supervisory computer 3D. In the case of 
a Get emergency telephone number supervisory con 
mand, the flow proceeds from block 42K to block 42L, 
in which controlling computer 3C puts the emergency 
transfer number in the internal transmission queue. In 
the case of a Get local area code command, the flow 
proceeds from block 42M to block 42N, in which con 
trolling computer 3C puts the local area code in the 
internal transmission queue. In the case of a Get local 
PBX exit code, the flow proceeds from block 420 to 
block 42P, in which controlling computer 3C puts the 
local exit code in the internal transmission queue. 
With reference to FIG. 43, there will now be de 

scribed operations involved in servicing help and emer 
gency commands. These operations begin in block 43A, 
are entered from block 36I (FIG. 36) and exit to block 
35E (FIG. 35). In the case of a Transfer emergency 
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supervisory command, the flow proceeds from block 
43A to block 43B, in which controlling computer 3C 
transfers a caller to the emergency telephone number by 
operations described below with reference to FIG. 44. 
In the case of a Help or emergency serviced supervisory 
command, the flow proceeds from block 43C to blocks 
43D through 43G. In these blocks, controlling con 
puter 3C sets the request field of the database record for 
the line card to no request pending; turns monitor off to 
reconnect the audio; monitors the current side of the 
current line card; and unbusies the line card so that calls 
can now be received. 
With reference to FIG. 44, there will now be de 

scribed the operations involved in transferring the cal 
ler to the emergency telephone number. These opera 
tions begin in block 44A, are entered from block 43A 
(FIG. 43), and exit to block 35E (FIG. 35). In block 
44A, controlling computer 3C determines whether 
there is a caller. (The caller may have hung up after a 
request was made to transfer the caller.) Controlling 
computer 3C makes this determination on the basis of 
status data returned from the line card. If the caller is 
still on line, the flow proceeds to block 44B, in which 
controlling computer 3C determines whether the cur 
rent line card is being transferred. If it is not, the flow 
proceeds to block 44C and then to block 44D. Other 
wise, the flow proceeds directly to block 44D. In block 
44C, controlling computer 3C disables the monitor on 
the current line card. In block 44D, controlling com 
puter 3C changes the monitor to the caller side of the 
transferring line card. Next, the flow proceeds to block 
44E, in which controlling computer 3C sends informa 
tion to supervisory computer 3D to report on the new 
side and line for the selected monitor audio. Next, the 
flow proceeds to block 44F, in which controlling com 
puter 3C disconnects the audio between a caller and the 
attendant. Next, the flow proceeds to block 44G, in 
which controlling computer 3C determines whether an 
attendant is present on this line. (The attendant may 
have hung up.) Controlling computer 3C makes this 
determination on the basis of status data returned from 
the line card. If the attendant is still on line, the flow 
proceeds to block 44H, in which controlling computer 
3C issues a HW FLASHDISCONN command 
(which corresponds to CTL 13 in FIG. 21) to discon 
nect the attendant. Next, the flow proceeds to block 
44-I, in which controlling computer 3C updates the 
state/status fields for the database record for the line 
card, to TFERCALL/WAIT NOOP. If the atten 
dant has hung up, the flow proceeds from block 44G to 
block 44J, in which controlling computer 3C updates 
the state/status fields for the database record for the line 
card, to TFER-CALL/HUNG UP. 
With reference to FIG. 45, there will now be de 

scribed the operations for scanning line cards for status 
changes. These operations begin in block 45A, and, as 
shown in FIG. 35, are entered from either block 35C or 
block 35D, and exit to block 35F. In block 45A, control 
ling computer 3C checks if the maximum waiting inter 
val timer is running for this line and whether or not it 
has reached or surpassed the waiting time limit. If the 
maximum waiting time limit has not been exceeded, 
then the flow proceeds to block 45B. If the waiting time 
limit has been exceeded, then flow proceeds to block 
45D where the controlling computer disconnects the 
line with the HW-ON-HOOK command. Then flow 
proceeds to line 45E where the line is placed in standby 
by an H.W. FWD ARM command. The timer is then 
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reset in block 45F and the flow proceeds to 45G. In 
block 45G the state for that line is set to STANDBY, 
and then flow proceeds to block 45J in which the con 
trolling computer advances to the next line card to scan. 
In block 45B, controlling computer 3C issues a com 
mand to force the CTL 22 signal true to get status A 
data for the line card currently being scanned. Next, in 
block 45C, controlling computer 3C issues a command 
to force the CTL 4 signal true to get status B data for 
the same line card. Next, in block 45H, controlling 
computer 3C determines whether status A or status B 
data have changed or if it is waiting to get status data 
from the line card. As soon as the status A and status B 
data have been retrieved from the line card and it is 
found that a change has occurred, controlling computer 
3C in block 45I records the status change for further 
processing. Following block 45 or if no change oc 
curred to status A or status B data, the flow proceeds to 
block 45J, in which controlling computer advances to 
the next line card to scan. 
With reference to FIG. 46, there will now be de 

scribed the operations for processing status changes in 
sending them to the supervisory computer. These oper 
ations begin in block 46A, and, as shown in FIG. 35, are 
entered from block 35E, and exit normally to block 35B. 
In the case a status change has occurred in data received 
from the line card, the flow proceeds from block 46A to 
block 46B, in which controlling computer 3C carries 
out operations described below with reference to FIG. 
47. In the case that dumping of status information to the 
supervisory computer is occurring, the flow proceeds 
from block 46C to block 46D, in which operations are 
carried out to dump the internal line database to super 
visory computer 3D in accord with operations de 
scribed below with reference to FIG. 62. In the case 
that anything in the internal status buffer is ready to be 
transmitted, the flow proceeds from block 46E to block 
46F, in which controlling computer 3C determines 
whether one row of line cards has been completely 
scanned and if the time has come to transmit informa 
tion to supervisory computer 3D. If so, the flow pro 
ceeds to block 46G, in which controlling computer 3C 
copies the internal status buffer into the transmit queue. 
With reference to FIGS. 47A and 47B, there will 

now be described the operations for processing changes 
from a scanned line card. These operations begin in 
block 47A, and, as shown in FIG. 46, are entered from 
block 46A and exit to block 46C. In the case that no line 
card is present in a slot, but the internal database kept by 
controlling computer 3C reflects there having been a 
card present in such slot before, the flow proceeds from 
block 47A to block 47B, in which controlling computer 
3C updates the database record for the line card by 
marking the state field as NO-CARD, because the card 
is now absent. In the case that a line card now is present 
in the slot where one was not present before, the flow 
proceeds from block 47C to block 47D, in which con 
trolling computer 3C initializes the card and updates the 
database record for the line card. In the case that the 
line card is in a HUNG-UP status and not in a two 
second on-hook delay, the flow proceeds from block 
47E to block 47F, in which controlling computer 3C 
performs operations necessitated by the outgoing line 
being back on hook, which are described below with 
reference to FIG. 48. In the case that any DTMF status 
information has been returned, the flow proceeds from 
block 47G to block 47H, in which controlling computer 
3C processes the DTMF status in accord with opera 
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tions described below with reference to FIG. 49. In the 
case that the status indicates that the line has gone busy, 
the flow proceeds from block 47 to block 47J, in which 
controlling computer 3C processes the line going busy 
by reporting this information to the supervisory com 
puter and assigns a true value to the busy field of the 
database record for the line card. In the case that the 
status data received indicate that the line has gone un 
busy, the flow proceeds from block 47K to block 47L, 
in which controlling computer 3C processes the line 
card going unbusy by sending the appropriate informa 
tion to supervisory computer 3D and assigns a false 
value to the busy field for the database record for this 
line card. 
With reference to FIG. 47B, in the case that the status 

data indicate that the caller has connected, the flow 
proceeds from block 47M to block 47N. Since the call 
has been connected to an attendant, then we stop the 
maximum waiting interval timer for this line in block 
47N. The flow then proceeds to block 470 in which 
controlling computer 3C processes the caller connec 
tion by changing the status field of the database record 
for the line card to C-I-P (i.e., call in progress). In the 
case that the status data returned indicate that the caller 
has hung up, the flow proceeds from block 47P to block 
47O. In block 47O, the waiting interval timer is cleared 
and restarted for this line. Flow then proceeds to block 
47R in which controlling computer 3C processes this by 
carrying out operations described below with reference 
to FIG. 56. Next, in block 47S, controlling computer 3C 
finds the attendant-present status change by monitoring 
to detect a change in the status return of operator cur 
rent (oc) which is indicated by a change in binary value 
of the STA 1 signal (FIG. 22). Next, in block 47T, 
controlling computer 3C finds a change in status in the 
Off-Hook-to-attendant status (oh) by monitoring for a 
change in the binary value of the CTL 55 signal (FIG. 
22). Next, in block 47U, controlling computer 3C deter 
mines whether the waiting field of the database record 
for the line card is true and if the operator current is not 
equal to the On-Hook status; and, if so, controlling 
computer 3C in block 47C assigns the true value to the 
waiting field. If not, the flow proceeds to block 47W, in 
which controlling computer 3C determines whether 
attendant current is now present. It makes this determi 
nation on the basis of the STA 1 signal (FIG.22) that is 
returned as part of a status word from the line card. If 
attendant current is now present, the flow proceeds to 
block 47X; otherwise, it proceeds to block 47Y. In 
block 47X, controlling computer 3C sets the status field 
of the database record for the line card to DIALING. 
In block 47Y, controlling computer 3C determines 
whether attendant current is now absent. If it is, the 
flow proceeds to block 47Z; otherwise, it proceeds to 
block 47AA. In block 472, controlling computer 3C 
performs operations occasioned by the attendant's hav 
ing hung up, as described below with reference to FIG. 
59. In block 47AA, controlling computer 3C updates 
the status field of the database record for the line card 
for use in later comparison operations, and assigns a 
false value to the waiting field. 
With reference to FIG. 48, there will now be de 

scribed the operations carried out in block 47F (FIG. 
47) upon the outgoing line having gone on hook. In the 
case that the state field of the database record for the 
line card is TFER-CALL, the flow proceeds from 
block 48A to blocks 48B, 48C, and 48D. In block 48B, 
controlling computer 3C changes the status field for the 
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database record for the line card to IDLE. In block 
48C, controlling computer 3C downloads the emer 
gency telephone number to the line card. In block 48D, 
controlling computer 3C issues a HW-FLASH-CON 
NECT command (which corresponds to CTL 14 in 
FIG. 21) to cause the line card to place a call to the 
emergency telephone number. In the case that the state 
field of the database record for the line card is CALL, 
the flow proceeds from block 48E to block 48F, in 
which controlling computer 3C changes the status field 
of the database record of the line card to IDLE. Next, 
in block 48G, controlling computer 3C determines 
whether the line card is present, whether there is a 
phone number for this line card to dial, and whether this 

10 

line card is in use (as indicated by the Boolean value of 15 
the calling field of the database record for the line card). 
If so, the flow proceeds to block 48H, in which control 
ling computer 3C compares the number of retries that 
have been made against the global parameter applicable 
to the number of retries to make. Upon determining to 
make another retry, controlling computer 3C in block 
48 downloads the telephone number, and in block 48J 
issues a HW OFF HOOK DIAL command to cause 
the line card to place the call. If controlling computer 

20 

3C finds in block 48H that the maximum number of 25 
retries have already been made, the flow proceeds to 
block 48K, in which controlling computer 3C sends 
information to supervisory computer 3D as to the lack 
of an attendant, and assigns a false value to the calling 
field of the database record for the line card, so as to 
indicate it is unused. 
With reference to FIG. 49, there will now be de 

scribed the operations carried out in block 47H (FIG. 
47), to process DTMF status. In the case of a DTMF 
HELP request, the flow proceeds from block 49A to 
block 49B, in which controlling computer 3C services 
the DTMF HELP request in accord with operations 
described below with reference to FIG. 50. In the case 
of a DTMF CANCEL request, the flow proceeds from 
block 49C to block 49D, in which controlling computer 
3C services the DTMF CANCEL request to cancel 
either help or emergency in accord with operations 
described below with reference to FIG. 51. In the case 
of a DTMF EMERGENCY request, the flow proceeds 
from block 49E to block 49F, in which controlling 
computer 3C services the DTMF EMERGENCY re 
quest in accord with operations described below with 
reference to FIG. 52. In the case of a DTMF STATUS 
indicating that an attendant has refused calls, the flow 
proceeds from block 49G to block 49H, in which con 
trolling computer 3C performs operations described 
below with reference to FIG. 53. In the case of a 
DTMF status indicating that an attendant is ready for a 
call, the flow proceeds from block 49 to block 49J, in 
which controlling computer 3C services the DTMF 
activation for another call in accord with operations 
described below with reference to FIG. 54. In the case 
of a DTMF status indicating an emergency response, 
the flow proceeds from block 49K to block 49L, in 
which controlling computer 3C services the DTMF 
emergency servicer response in accord with operations 
described below with reference to FIG. 55. 
With reference to FIG. 50, there will now be de 

scribed the operations carried out in block 49B (FIG. 
49). In the case that the state field of the database record 
for the line card is TFER-CALL, the flow proceeds 
from block 50A to block 50B, in which controlling 
computer 3C issues a DTMF CANCEL in test mode, to 
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reconnect the audio. In the case that the state field for 
the database record for the line card is CALL, the flow 
proceeds from block 50C to block 50D, in which con 
trolling computer 3C determines whether an attendant 
is on-line. If so, the flow proceeds from block 50E, in 
which controlling computer 3C determines whether 
any help or emergency request is pending, and whether 
there is no caller. If so, the flow proceeds from block 
50E to block 50F, and then to block 50G; otherwise, the 
flow proceeds directly to block 50G. In block 50(F), 
controlling computer 3C issues the command to soft 
ware busy the incoming line to the line card and assigns 
a true value to the sw-busy field of the database record 
for the line card. In block 50G, controlling computer 
3C determines whether the status field for the database 
record for the line card is DIALING. If it is, the flow 
proceeds from block 50G to block 50H, and then to 
block 50I; otherwise, the flow proceeds directly to 
block 50I. In block 50H, controlling computer 3C issues 
a DTMF CANCEL command in test mode so as to 
reconnect the audio. In block 50I, controlling computer 
3C reports data to supervisory computer 3D to alert it 
of the pending help request. 
With reference to FIG. 51, there will now be de 

scribed the operations carried out in block 49D (FIG. 
49). In block 51A, controlling computer 3C determines 
whether an attendant is on-line. If so, the flow proceeds 
to block 51B, in which controlling computer 3C deter 
mines whether a caller is on-line. If not, the flow pro 
ceeds from block 51B to block 51C, and then to block 
51D; otherwise, the flow proceeds directly to block 
51D. In block 51C, controlling computer 3C issues the 
command to software unbusy the incoming line for the 
line card and assigns a false value to the sw-busy field 
of the database record for the line card. In block 51D, 
controlling computer 3C sends data to supervisory 
computer 3D as to the cancellation. 
With reference to FIG. 52, there will now be de 

scribed the operations carried out in block 49F (FIG. 
49). In block 52A, controlling computer 3C determines 
whether an attendant is on-line. If so, the flow proceeds 
to block 52B, in which controlling computer 3C deter 
mines whether there is a help request currently pending. 
If so, the flow proceeds to block 52C, in which control 
ling computer 3C issues a DTMF CANCEL command 
in test mode so as to reconnect the audio. Otherwise, the 
flow proceeds to block 52D, in which controlling com 
puter 3C determines whether a caller is on-line. If not, 
the flow proceeds to block 52E, in which controlling 
computer 3C issues the command to software busy the 
incoming line for the line card and assigns a true value 
to the sw-busy field of the database record for the line 
card. After block 52C, 52E, and 52D (if a caller is on 
line), the flow proceeds to block 52F, in which control 
ling computer 3C sends information to supervisory 
computer 3D as to the emergency request. 
With reference to FIG. 53, there will now be de 

scribed the operations carried out in block 49H (FIG. 
49). In the case that the state field of the database record 
for the line card is TFER-CALL, the flow proceeds 
from block 53A to block 53B, and then to blocks 53C, 
53D, and 53E; otherwise, the flow proceeds to block 
53F. In block 53B, controlling computer 3C issues the 
command to busy the incoming line for the line card. In 
block 53C, controlling computer 3C cancels the help/e- 
mergency request to supervisory computer 3D. In 
block 53D, controlling computer 3C sends information 
to supervisory computer 3D as to the attendant having 
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refused calls. In block 53E, controlling computer 3C 
updates the states/status fields of the database record 
for the line card to CALL/IDLE. In block 53F, con 
trolling computer 3C determines whether the state field 
of the database record for the line card is CALL. If it is, 
the flow proceeds to block 53G, in which controlling 
computer 3C determines whether an attendant is on 
line. If so, the flow proceeds to block 53H, in which 
controlling computer 3C determines whether there is a 
pending help or emergency request, and whether no 
caller is on-line. If so, the flow proceeds to block 53I, 
and then to block 53J; otherwise, the flow proceeds 
directly to block 53.J. In block 53I, controlling com 
puter 3C issues the command to busy the incoming line 
for the line card. In block 53J, controlling computer 3C 
sends information to supervisory computer 3D as to the 
attendant having refused calls. Next, in block 53K, con 
trolling computer 3C changes the status field in the 
database record for the line card to IDLE. Next, in 
block 53L, controlling computer 3C determines 
whether there is a pending help or emergency request. 
If so, the flow proceeds to block 53M, in which control 
ling computer 3C sends information to supervisory 
computer 3D to cancel the help/emergency requests. 
With reference to FIGS. 54A and 54B, there will 

now be described the operations carried out in block 
49J, for recognizing a DTMF activation for another 
call. In block 54A, controlling computer 3C determines 
whether the state is TFER CALL. If it is, the flow 
proceeds to block 54B, in which controlling computer 
issues the digitally coded command to cause the line 
card to busy out the caller side of the line. Next, in block 
54C, controlling computer 3C cancels the emergency 
request to the supervisory computer. Next, in block 
54D, controlling computer 3C changes the state/status 
in its internal records to CALL/HUNG UP. Next, in 
block 54E, controlling computer 3C determines 
whether the line card outgoing station connection con 
troller is off-hook and not in a two second delay. If it is, 
the flow proceeds to block 54F, in which controlling 
computer 3C issues the command to hang up the atten 
dant with a HW-ON- HOOK command. Following 
block 54A if the state is not TFERCALL, the flow 
proceeds to block 54G, in which controlling computer 
3C determines whether the state is CALL. If it is, the 
flow proceeds to block 54H, in which controlling con 
puter 3C determines whether the status is DIALING. If 
it is, the flow proceeds to block 54J, in which control 
ling computer 3C resets the "try again” variable to 
initialize it for retry counts in the future. Next, in block 
54L, controlling computer 3C issues the digitally coded 
command to unbusy the incoming line by sending the 
HW SW COND UNBUSY command. Next, in 
block 54M, controlling computer 3C updates the status 
record for the respective line card by setting the status 
to READY. If in block 54H controlling computer 3C 
determines that the status is not DIALING, the flow 
proceeds to block 54, in which controlling computer 
3C determines whether the status is either NOT - 
READY or C. I. P. If it is in either status, the flow 
proceeds to block 54K, in which controlling computer 
3C updates the status record to indicate that this line 
card is READY. 

In block 54G, if the state is not CALL, the flow pro 
ceeds to block 54N, in which controlling computer 3C 
determines whether the state is STANDBY. If the state 
is not STANDBY, then flow proceeds to block 540 
where the state is changed to CALL. After block 540, 
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the flow proceeds to 54P. Following block 540, the 
flow proceeds to block 54P, in which controlling com 
puter 3C determines whether the status is DIALING. If 
it is, the flow proceeds to block 54Q in which control 
ling computer 3C updates the status record to indicate 
the line card is ready. 
With reference to FIG. 55, there now be described 

the operations carried out in block 49L, for servicing 
DTMF emergency servicer response. In block 55A, 
controlling computer 3C determines whether the sta 
tes/status is TFER CALL/DIALING. If it is, the 
flow proceeds to block 55B, in which controlling com 
puter 3C changes the status field of the database record 
for the line card to TFERRED. 
With reference to FIG. 56, there will now be de 

scribed the operations carried out in block 47P, after 
controlling computer 3C determines that a caller has 
hung up. In block 56A, controlling computer 3C deter 
mines whether the state is TFER-CALL. If it is, the 
flow proceeds to block 56B, in which controlling com 
puter 3C performs operations described below with 
reference to FIG. 57. In the case that controlling com 
puter 3C determines that the state is not TFER 
CALL, the flow proceeds to block 56C, in which con 
trolling computer 3C determines whether the state is 
CALL. If so, the flow proceeds to block 56D, in which 
controlling computer 3C performs operations described 
below with reference to FIG. 58. 
With reference to FIG. 57, there will now be de 

scribed the operations carried out in block 56B, after 
controlling computer 3C determines that the caller has 
hung up during the course of a transfer operation. In 
block 57A, controlling computer 3C issues a 
HW BUSY caller command to the line card to busy 
out the incoming line. Next, in block 57B, controlling 
computer 3C cancels the pending emergency request in 
the supervisory computer 3D. Next, in block 57C, con 
trolling computer 3C determines whether the status is 
WAIT NOOP or HUNG UP. If it is, the flow pro 
ceeds to block 57D, in which controlling computer 3C 
determines whether the two-second on-hook delay is in 
progress. If it is, the flow proceeds to block 57E, in 
which controlling computer 3C updates its internal 
records for state/status to CALL/HUNG UP. If the 
two-second on-hook delay is not in progress, following 
block 57D, the flow proceeds to block 57F, in which 
controlling computer 3C changes the state/status fields 
of the database record for the line card to CALL/I- 
DLE. Next, in block 57G, controlling computer recalls 
the attendant in accord with the operations described 
above with reference to FIG. 48. If during block 57C 
controlling computer 3C determines that the status is 
neither WAIT NOOP nor HUNG UP, the flow pro 
ceeds to block 57H, in which controlling computer 3C 
determines whether the line card is off-hook to the 
attendant. If it is, the flow proceeds to block 57I, in 
which controlling computer 3C changes the state/status 
fields of the database record for the line card to CALL 
AHUNG-UP. Next, in block 57J, controlling computer 
3C issues a HWON-HOOK command to cause dis 
connection of the attendant. If in block 57H controlling 
computer 3C determines that the line card is not off 
hook to the attendant, the flow proceeds to block 57K, 
in which controlling computer 3C changes the state/- 
status fields of the database record for the line card to 
CALL/IDLE. Next, in block 57L, controlling com 
puter 3C proceeds to recall the attendant in accord with 
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the operations described above with reference to FIG. 
48. 
With reference to FIG. 58, there will now be de 

scribed the operations carried out in block 56D, after 
controlling computer 3C determines that a caller has 
hung up during a normal call. In block 58A, controlling 
computer 3C determines whether the status is C-I-P. 
If so, the flow proceeds to block 58B, in which control 
ling computer 3C determines whether a help or emer 
gency request has been made. If so, the flow proceeds to 
block 58C, in which controlling computer 3C issues an 
HW BUSY-CALLER command to busy out the in 
coming line on the line card and then proceeds to block 
58D, in which controlling computer 3C changes the 
status field of the database record for this line card to 
NOT READY. If in block 58A controlling computer 
3C determines that the status is not CIP, the flow 
proceeds to block 58E, in which controlling computer 
3C determines whether an attendant has his station 
connected to the outgoing line for the line card. If not, 
the flow proceeds to block 58F, in which controlling 
computer 3C issues an HW BUSY-CALLER com 
mand so as to busy out the incoming line for the line 
card. Next, in block 58G, controlling computer 3C 
determines whether the attendant has hung up. If so, the 
flow proceeds to block 58H, in which controlling com 
puter 3C changes the status field of the database record 
for this line card to HUNG-UP. Next, in block 58, 
controlling computer 3C issues an HW ON. HOOK 
command so as to disconnect the outgoing line. If in 
block 58G controlling computer 3C determines that the 
attendant has not hung up, the flow proceeds to block 
58J, in which controlling computer 3C changes the 
status field of the database record for the line card to 
IDLE. Next, in block 58K, controlling computer 3C 
proceeds to recall an attendant in accord with the oper 
ations described above with reference to FIG. 48. 
With reference to FIG. 59, there will now be de 

scribed the operations carried out after controlling 
computer 3C determines that an attendant has hung up. 
In the case that the state is TFER-CALL, the flow 
proceeds from block 59A, to block 59B, in which con 
trolling computer 3C performs operations described 
below with reference to FIG. 60. In the case that the 
state is CALL, the flow proceeds from block 59C, to 
block 59D, in which controlling computer 3C performs 
the operations described below with reference to FIG. 
61. 
With reference to FIGS. 60A and 60B, there will 

now be described the operations carried out in block 
59B, after controlling computer 3C determines that an 
attendant has hung up during a transfer (the state being 
TFER-CALL). In the case that the status is WAIT 
NOOP, the flow proceeds from block 60A to block 
60B, in which controlling computer 3C determines 
whether the two-second delay is in progress. If not, the 
flow proceeds to block 60C, in which controlling com 
puter 3C changes the status field for the database record 
for the line card to IDLE. Next, in block 60D, control 
ling computer 3C performs the operations required to 
call the emergency number in accord with the flow 
described above with reference to FIG. 48. If control 
ling computer 3C determines in block 60B that the 
two-second delay has not elapsed, the flow proceeds to 
block 60E, in which controlling computer 3C changes 
the status field of database record for the line card to 
HUNG-UP. In the case that the status is not WAIT 
NOOP, but the status is DIALING, the flow proceeds 
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from block 60F, to block 60G, in which controlling 
computer 3C determines whether the outgoing line for 
this line card is off-hook. If it is, the flow proceeds to 
block 60H, in which controlling computer 3C changes 
the status field of the database record for the line card to 
HUNG-UP. Next, in block 60I, controlling computer 
3C issues a HW FLASH. DISCONN command to 
disconnect the attendant. If in block 60G controlling 
computer 3C determines that the hook switch simulat 
ing switch for the outgoing line for the line card is not 
off-hook, the flow proceeds to block 60J, in which 
controlling computer 3C changes the status field of the 
database record for the line card to IDLE. Next, the 
flow proceeds to block 60K, in which controlling com 
puter 3C cooperates with the line card to place a call to 
the emergency number in accord with operations de 
scribed above with reference to FIG. 48. 
With reference to FIG. 60B, in the case of the status 

field being TFERRED, the flow proceeds from block 
60L to block 60M, in which controlling computer 3C 
issues a HW BUSY-CALLER command to busy the 
incoming line for the line card. Next, in block 60N, 
controlling computer 3C communicates with supervi 
sory computer 3D to cancel the emergency request. 
Next, in block 600, controlling computer 3C issues a 
DTMF ACTIVATE command in test mode to drop 
the caller. Next, the flow proceeds to block 60P, in 
which controlling computer 3C determines whether the 
hook switch simulating switch for the outgoing line is 
off-hook. If so, the flow proceeds to block 60CR; other 
wise, it proceeds to block 60R. In block 600, control 
ling computer 3C updates the database record for the 
line card so that the state/status fields are marked 
CALL/HUNG-UP. Next, in block 60S, controlling 
computer 3C issues a HWON HOOK command to 
disconnect the attendant. In block 60R, controlling 
computer 3C updates the database record for the line 
card so that the state/status fields are marked CALL/I- 
DLE. Next, in block 60T, controlling computer 3C 
performs the operations required to recall the attendant 
in accordance with the flow described above with refer 
ence to FIG. 48. 
With reference to FIGS. 61A and 61B, there will 

now be described the operations carried out when an 
attendant has hung up on a normal call. These opera 
tions begin in block 61A, are entered from block 59C 
(FIG. 59), and exit to block 47(Y). In the case of the 
status for the line card being DIALING, the flow pro 
ceeds from block 61A to block 61B, in which control 
ling computer 3C updates the database record for the 
line card so that the status is marked IDLE. Next, in 
block 61C, controlling computer 3C performs the oper 
ations required to recall the attendant in accordance 
with the flow described above with reference to FIG. 
48. In the case of the status for the line card being either 
NOT READY or READY, the flow proceeds from 
block 61D to block 61E, in which controlling computer 
3C determines whether a help or emergency request is 
pending. If so, the flow proceeds from block 61F to 
block 61G; otherwise, it proceeds directly to block 
61G. In block 61F, controlling computer 3C issues a 
HW BUSY-CALLER command to busy out the in 
coming line to the line card. In block 61G, controlling 
computer 3C determines whether the hook switch simu 
lating switch for the outgoing line is off-hook. If so, the 
flow proceeds to blocks 61H and 611; otherwise, it pro 
ceeds to block 61J and 61K. In block 61H, controlling 
computer 3C updates the database record for the line 










